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Electrons and Electrodes 

The radio tube is a marvelous device. It makes possible the performing of 
operations, amazing in conception, with a precision and a certainty that are astound- 
ing. It is an exceedingly sensitive and accurate instrument — the product of 
coordinated efforts of engineers and craftsmen. Its construction requires materials 
from every corner of the earth. Its use is world-wide. Its future possibilities, 
even in the light of present-day accomplishments, are but dimly foreseen; for each 
development opens new fields of design and application. 

The importance of the radio tube lies in its ability to control almost instantly 
the flight of the millions of electrons supplied by the cathode. It accomplishes this 
with a minimum of control energy. Because it is almost instantaneous in its action, 
the radio tube can operate efficiently and accurately at electrical frequencies much 
higher than those attainable with rotating machines. 

ELECTRONS 

All matter exists in the solid, liquid, or gaseous state. These three forms con- 
sist entirely of minute divisions known as molecules. Molecules are assumed to be 
composed of atoms. According to a present accepted theory, atoms have a nucleus 
which is a positive charge of electricity. Around this nucleus revolve tiny charges 
of negative electricity known as electrons. Scientists have estimated that these 
invisible bits of electricity weigh only 1/46 billion, billion, billion, billionths of an 
ounce, and that they may travel at speeds of thousands of miles per second. 

Electron movement may be accelerated by the addition of energy. Heat is one 
form- of energy which can be conveniently used to speed up the electron. For 
example, if the temperature of a metal is gradually raised, the electrons in the 
metal gain velocity. When the metal becomes hot enough to glow, some electrons 
may acquire sufficient speed to break away from the surface of the metal. This 
action, which is accelerated when the metal is heated in a vacuum, is utilized in 
most radio tubes to produce the necessary electron supply. 

A radio tube consists of a cathode, which supplies electrons, and one or more 
additional electrodes, which control and collect these electrons, mounted in an 
evacuated envelope. The envelope may be a glass bulb, or it may be the more 
compact and efficient metal shell. 

CATHODES 

A cathode is an essential part of a radio tube because it supplies the electrons 
necessary for tube operation. Electrons are released from the cathode by means 
of some form of energy applied to it. Generally, heat is used. The method of 
heating the cathode may be used to distinguish between the different forms of 
cathodes. For example, a directly heated cathode, or filament-cathode, is a wire 
heated by the passage of an electric current. An indirectly heated cathode, or 
heater-cathode, consists of a filament, or heater, enclosed in a metal sleeve. The 
sleeve carries the electron-emitting material on its outside surface and is heated by 
radiation and conduction from the heater. 
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A filament, or directly heated cathode, may be further classified by identifying 

the filament or electron-emitting material. The materials in regular use are tung- 
sten, thoriated-tungsten, and metals which have been coated with alkaline-earth 
oxides. Tungsten filaments are made from the pure metal. Since they must 
operate at high temperatures (a dazzling white) to emit sufficient electrons, a 
relatively large amount of filament power is required. Thoriated-tungsten fila- 
ments are made from tungsten impregnated with thoria. Due to the presence Of — ~. 
thorium, these filaments liberate electrons at a more moderate temperature of 
about 1700°C (a bright yellow) and are, therefore, much more economical of fila- 
ment power than are pure tungsten filaments. Alkaline earths are usually applied 
as a coating on a nickel alloy wire or ribbon. This coating, which is dried in a 
relatively thick layer on the filament, requires only a very low temperature of about 
700-750°C (a dull red) to produce a copious supply of electrons. Coated filaments 
operate very efficiently and require relatively little filament power. However, 
each of these cathode materials has special advantages which de- 
termine the choice for a particular application. 

Directly heated filament cathodes require comparatively 
little heating power. They are used in almost all of the tube types 
designed for battery operation because it is, of course, desirable 
to impose as small a drain as possible on the batteries. Examples 
of battery-operated filament types are the 1A7-GT, 1F5-G, 1H4-G, 
1H5-G, and 31. A-c operated types having directly heated fila- 
Fi *- 1 ment-cathodes are the 2A3 and 45. 




An indirectly heated cathode, or heater-cathode, consists of 
a thin metal sleeve coated with electron-emitting material. With- i NSULA te:d 
in the sleeve is a heater which is insulated from the sleeve. The heater — 
heater is made of tungsten or tungsten-alloy wire and is used only 
for the purpose of heating the cathode sleeve and sleeve coating 
to an electron-emitting temperature. Useful emission does not 
take place from the heater wire. Fig. 2 

The heater-cathode construction is well adapted for use in radio tubes intended 
for operation from a-c power lines and from automobile batteries. The use of 
separate parts for emitter and heater functions, the electrical insulation of the 
heater from the emitter, and the shielding effect of the sleeve may all be utilized 
in the design of the tube to prevent the introduction of hum from the a-c heater 
supply and to minimize electrical interference which might enter the tube circuit 
through the heater-supply line. From the viewpoint of circuit design, the heater- 
cathode construction offers advantages in connection flexibility, due to the electrical 
separation of the heater from the cathode. Another advantage of the heater- 
cathode construction is that it makes practical the design of a rectifier tube with 
close spacing between its cathode and plate, and of an amplifier tube with close 
spacing between its cathode and grid. In a close-spaced rectifier tube the voltage 
drop in the tube is low and the regulation is, therefore, improved. In an amplifier 
tube, the close spacing increases the gain obtainable from the tube. Becauseof 
the advantages of the heater-cathode construction, almost all present-day receiving 
tubes designed for a-c operation have heater cathodes. 



GENERIC TUBE TYPES 

Electrons are of no value in a radio tube unless they can be put to work. A 
tube is, therefore, designed with the necessary parts to utilize electrons as well as 
as to produce them. These parts consist of a cathode and one or more supple- 
mentary electrodes. The electrodes are enclosed in an evacuated envelope with 
the necessary connections brought out through air-tight seals. The air is removed 
from the envelope to allow free movement of the electrons and to prevent injury 
to the emitting surface of the cathode. When the cathode is heated, electrons leave 
the cathode surface and form an invisible cloud in the space around it. Any posi- 
tive electric potential within the evacuated envelope will offer a strong attraction 
to the electrons (unlike electric charges attract; like charges repel). 
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DIODES 

The simplest form of radio tube contains two electrodes, a cathode and an 
anode (plate) and is often called a "diode", the family name for a two-electrode 
tube. In a diode, the positive potential is sup- 
plied by a suitable electrical source connected 
between the plate terminal and a cathode 
terminal. Under the influence of the positive 
plate potential, electrons flow from the cathode 
to the plate and return through the external 
plate-battery circuit to the cathode, thus com- 
pleting the circuit. This flow of electrons is 
known as the plate current and may be meas- 
ured by a sensitive current meter. 

If a negative potential is applied to the plate, the free electrons in the space 
surrounding the cathode will be forced back to the cathode and no plate current 

will flow. Thus, the tube permits electrons to flow 
from the cathode to the plate but not from the plate 
«?/ to the cathode. If an alternating voltage is applied 

to the plate, the plate is alternately made positive 
and negative. Plate current flows only during the 
rectified ouTPuTt mie when the plate is positive. Hence the current 
through the tube flows in one direction and is said 
to be rectified. See Fig. 4. Diode rectifiers are 
used in a-c receivers to convert a.c. to d.c. for sup- 
plying "B," "C," and screen voltages to the other 
. tubes in the receiver. Rectifier tubes may have 
one plate and one cathode. The 1-v and 12Z3 are 
of this form and are called half-wave rectifiers, 
since current can flow only during one-half of the 
alternating-current cycle. When two plates and 
one or more cathodes are used in the same tube, 
current may be obtained on both halves of the a-c 
cycle. The 5T4, 5Y3-G and 5Z3 are examples of 
this type and are called full-wave rectifiers. 
Not all of the electrons emitted by the cathode reach the plate. Some return 
to the cathode while others remain in the space between the cathode and plate for 
a brief period to form an effect known as space-charge. This charge has a repelling 
action on other electrons which leave the cathode surface and impedes their passage 
to the plate. The extent of this action and the amount of space-charge depend on 
the cathode temperature and the plate potential. The higher the plate potential, the 
less is the tendency for electrons to remain in the space-charge region and repel 
others. This effect may be noted by applying increasingly higher plate voltages to 
a tube operating at a fixed heater or filament voltage. Under these conditions, the 
maximum number of available electrons is fixed, but increasingly higher plate 
voltages will succeed in attracting a, greater proportion of the free electrons. 

Beyond a certain plate voltage, however, additional plate voltage has little 
effect in increasing the plate current. The reason is that all of the electronr emitted 
by the cathode are already being drawn to the plate. This maximum current is 
called saturation current (see Fig 5) and because it is an indication of the total 
number of electrons emitted, it is also known as the emission current, or, simply, 
emission. Tubes are sometimes tested by measurement 
of their emission current. However, in this test it is 
generally not feasible to measure the full value of 
emission because this value would be sufficiently large 
to cause change in the tube's characteristics, or to 
damage the tube. For that reason, the test value of 
current in an emission test is less than the full emission 
current. However, this test value is larger than the 
maximum value which will be required from the cathode 
in the use of the tube. The emission test, therefore, 
indicates whether the tube's cathode can supply a 
sufficiently large number of electrons for satisfactory 
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If space charge were not present to repel electrons coming from the cathode, 
it follows that the same plate current could be produced at a Tower plate voltage. 
One way to make the effect of space charge small is to make the distance between 
plate and cathode small. This means is used in rectifier types, such as the 83-v and 
the 25Z5, having heater-cathodes. In these types the radial distance between 
cathode and plate is only about two hundredths of an inch. Another means for 
reducing space-charge effect is utilized in the mercury-vapor rectifier tubes, such as- - 
the 83. This tube contains a small amount of mercury, which is partially vaporized 
when the tube is operated. The mercury vapor consists of mercury atoms permeat- 
ing the space inside the bulb. These atoms are bombarded by the electrons on their 
way to the plate. If the electrons are moving at a sufficiently high speed ,the col- 
lisions will tear off electrons from the mercury atoms. When this happens, the 
mercury atom is said to be "ionized," that is, it has lost one or more electrons and, 
therefore, is charged positive. Ionization, in the case of mercury vapor, is made 
evident by a bluish-green glow between the cathode and plate. When ionization 
due to bombardment of mercury atoms by electrons leaving the filament occurs, 
the space-charge is neutralized by the positive mercury ions so that increased num- 
bers of electrons are made available. A mercury-vapor rectifier has a small voltage 
drop between cathode and plate (about 15 volts). This drop is practically inde- 
pendent of current requirements up to the limit of emission of electrons from the 
filament, but is dependent to some degree on bulb temperature. 

An ionic-heated cathode rectifier tube is another type which depends for 
its operation on gas ionization. The 0Z4 and 0Z4-G are tubes in this classification. 
They are of the full-wave design and contain two anodes and a coated cathode 
sealed in a bulb under a reduced pressure of inert gas. The cathode in each of these 
types becomes hot during tube operation but the heating effect is caused by bom- 
bardment of the cathode by the ions from within the tube rather than by heater 
or filament current from an external source. The internal structure of the tube is 
designed so that when sufficient voltage is applied to the tube, ionization of the gas 
occurs between the anode which is instantaneously positive and the cathode. . Under 
normal operating voltages, ionization does not take place between the anode that 
is negative and the cathode. This, of course, satisfies the principle of rectification. 
The initial small flow of current through the tube is sufficient to raise the cathode 
temperature quickly to incandescence whereupon the cathode emits electrons. 
The voltage drop in such tubes is slightly higher than that of the usual hot-cathode 
gas rectifiers because energy is taken from the ionization discharge to keep the 
cathode at operating temperature. Proper operation of these rectifiers requires 
that a minimum load current always flow in order to maintain the cathode at the 
temperature required to supply sufficient emission. 

TRIODES 

When a third electrode, called the grid, is placed between the cathode and 
plate, the tube is known as a triode, the family name for a three-electrode tube. 
The grid usually is a winding of wire extending the length of the cathode. The 
spaces between turns are comparatively large so that the passage of electrons from 
cathode to plate is practically unobstructed by the turns of the grid. The purpose 
of the grid is to control the flow of plate current. When a tube is used as an ampli- 
fier, a negative d-c voltage is usually applied to the grid. Under this condition the 
grid does not draw appreciable current. 

The number of electrons attracted to 
the plate depends on the combined effect 
of the grid and plate polarities. When the 
plate is positive, as is normal, and the 
d-c grid voltage is made more and more 
negative, the plate is less able to attract 
electrons to it and plate current decreases. 1NP 
When the grid is made less and less nega- 
tive, the plate more readily attracts elec- 
trons to it and plate current increases. 
Hence, when the voltage on the grid is 
varied in accordance with a signal, the plate 
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current varies with the signal. Because a small voltage applied to the grid can 
control a comparatively large amount of plate current, the signal is amplified by 
the tube. Typical three-electrode tube types are the 6C5, 76, and 2A3. 

The grid, plate, and cathode of a triode form an electrostatic system, each 
electrode acting as one plate of a small condenser. The capacitances are those 
existing between grid and plate, plate and cathode, and grid and cathode. These 
capacitances are known as interelectrode capacitances. Generally, the capacitance 
between grid and plate is of the most importance. In high-gain radio-frequency 
amplifier circuits, this capacitance may act to produce undesired coupling between 
the input circuit, the circuit between grid and cathode, and the output circuit, the 
circuit between plate and cathode. This coupling is undesirable in an amplifier 
because it may cause instability and unsatisfactory performance. 



TETRODES 

The capacitance between grid and plate can be made small by mounting an 
additional electrode, called the screen, in the tube. With the addition of the screen, 
the tube has four electrodes and is, accord- 
ingly, called a tetrode. The screen is 
mounted between the grid and the plate 
and acts as an electrostatic shield between 
them, thus reducing the grid-to-plate 
capacitance. The effectiveness of this 
shielding action is increased by connecting 
a by-pass condenser between screen and 
cathode. By means of the screen and 
this by-pass condenser, the grid-plate 
capacitance of a tetrode is made very 
small. In practice, the grid-plate capac- 
itance is reduced from an average of 8.0 




Fig. 7 



micromicrofarads («*0 for a triode to 0.01 mil or less for a screen-grid tube. 

The screen has another desirable effect in that it makes plate current practically 
independent of plate voltage over a certain range. The screen is operated at a 
positive voltage and, therefore, attracts electrons from the cathode. But because of 
the comparatively large space between wires of the screen, most of the electrons 
drawn to the screen pass through it to the plate. Hence the screen supplies an 
electrostatic force pulling electrons from the cathode to the plate. At the same 
time the screen shields the electrons between cathode and screen from the plate so 
that the plate exerts very little electrostatic force on electrons near the cathode. 
Hence, as long as the plate voltage is higher than the screen voltage, plate current 
in a screen-grid tube depends to a great degree on the screen voltage and very little 
on the plate voltage. The fact that plate current in a screen-grid tube is largely 
independent of plate voltage makes it possible to obtain much higher amplification 
with a tetrode than with a- triode. The low grid-plate capacitance makes it possible 
to obtain this high amplification without plate-to-grid feedback and resultant 
instability. Representative screen-grid types are the 32 and 24-A. 



PENTODES 

In all radio tubes, electrons striking the plate may, if moving at sufficient 
speed, dislodge other electrons. In two- and three-electrode types, these dislodged 
electrons usually do not cause trouble because no positive electrode other than the 
plate itself is present to attract them. These electrons, therefore, are drawn back 
to the plate. Emission caused by bombardment of an electrode by electrons from 
the cathode is called secondary emission because the effect is secondary to the 
original cathode emission. In the case of screen-grid tubes, the proximity of the 
positive screen to the plate offers a strong attraction to these secondary electrons 
and particularly so if the plate voltage swmgs lower than the screen voltage. This 
effect lowers the plate current and limits the permissible plate-voltage swing for 
tetrodes. 
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The plate-current limitation is removed when a fifth electrode is placed within 
the tube between the screen and plate. This fifth electrode is known as the sup- 
pressor and is usually connected to the cathode. Because of its negative potential 



SUPPRESSOR 




8 , 

with respect to the plate, the suppressor retards the flight of secondary electrons 
and diverts them back to the plate where they cannot cause trouble. The family 
name for a five-electrode tube is "pentode." In power-output pentodes the sup- 
pressor makes possible higher power output with lower grid-driving voltage; in 
radio- frequency amplifier pentodes the suppressor permits of obtaining high 
voltage amplification at moderate values of plate voltage. These desirable features 
are due to the fact that the plate-voltage swing can be made very large as compared 
with that of tetrodes. In fact, the plate voltage may be as low as, or lower than, 
the screen voltage without serious loss in signal gain capability. Representative 
power-amplifier pentodes are the 1A5-G, 6F6. and 25A6; representative r-f amplifier 
pentodes are the 1N5-G, 6J7, and 12SJ7. 



BEAM POWER TUBES 

A beam power tube is a tetrode or pentode in which use is made of directed 
electron beams to contribute substantially to its power-handling capability. Such 
a tube contains a cathode, a control-grid, a screen, a plate, and, optionally, a sup- 
pressor grid When a beam power tube is designed without an actual suppressor, 
the electrodes are so spaced that secondary emisssion from the plate is suppressed 
by space-charge effects between screen and plate. The space charge is produced 
by the slowing Up of electrons traveling from a high-potential screen to a lower 
potential plate. In this low-velocity region, the space charge produced is sufficient 
to repel secondary electrons emitted from the plate and to cause them to return to 
the plate. Beam power tubes of this design employ beam-forming plates at cathode 
potential to assist in producing the desired beam effects and to prevent stray 
electrons from the plate from returning to the screen outside of the beam. A 
feature of a beam power tube is its low screen current. The screen and the grid are spiral 
wires wound so that each turn of the screen is shaded from the cathode by a grid 
turn. This alignment of the screen and grid causes the electrons to travel in sheets 
between the turns of the screen so that very few of them flow to the screen. Because 
of the effective suppressor action provided by space charge and because of the low 
current drawn by the screen, the beam power tube has the advantages of high 
power output, high power sensitivity, and high efficiency. 

Fig. 9 shows the structure of a beam power tube employing space-charge sup- 
pression and illustrates how the electrons are confined to beams. The beam condi- 
tion illustrated is that for a plate potential less than the screen potential. The 
high-density space-charge region is indicated by the heavily dashed lines in the 
beam. Note that the edges of the beam-forming plates coincide with the dashed 
portion of the beam and thus extend the space-charge potential region beyond the 
beam boundaries to prevent stray secondary electrons from returning to the screen 
outside of the beam. The 6L6 and 6L6-G are examples of beam power tubes utiliz- 
ing this construction. 

In place of the space-charge effect just described, it is also feasible to use an 
actual suppressor to repel the secondary electrons. Examples of beam power tubes 
using an actual suppressor are the 6V6 and 6G6-G. 

— 8 — 
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INTERNAL STRUCTURE OF TYPE 6L6 BEAM POWER TUBE 




Fig. 9 

MULTI-ELECTRODE and MULTI-UNIT TUBES 

Early in the history of tube development and application, tubes were designed 
for general service; that is, a single tube type — a triode — was used as a radio- 
frequency amplifier, an intermediate-frequency amplifier, an audio-frequency 
amplifier, an oscillator or as a detector. Obviously, with this diversity of applica- 
tion, one tube did not meet all requirements to the best advantage. 

Later and present trends of tube design are the development of "specialty" 
types. These types are intended either to give optimum performance in a particular 
application or to combine in one bulb functions which formerly required two or 
more tubes. The first class of tubes includes such examples of specialty types as 
the 6F6, 12SJ7, 6L7, and 6K8. Types of this class generally require more than 
three electrodes to obtain the desired special characteristics and may be broadly 
classed as multi-electrode types. The 6L7 is an especially interesting type in this 
class. This tube has an unusually large number of electrodes, namely seven exclusive 
of the heater. Plate current in the tube is varied at two different frequencies at 
the same time. The tube is designed primarily for use as a mixer in superheterodyne 
receivers. In this use, the tube mixes the signal frequency with the oscillator 
frequency to give an intermediate-frequency output. 

Tubes of the multi-electrode class often present interesting possibilities of 
application besides the one for which they are primarily designed. The 6L7, for 
instance, can also be used as a variable-gain audio amplifier in volume-expander 
and compressor application. The 6F6, besides its use as a power output pentode, 
can also be connected as a triode and used as a driver for a pair of 6L6's. 

The second class includes multi-unit tubes such as the duplex-diode triodes 
1H6-G and 6SQ7, as well as the duplex-diode pentodes 1F7-GV and 12C8 and the 
twin class A and class B types, 6C8-G and 6B8, respectively. In this class also is 
included the multi-unit type 1D8-GT. This tube combines in one bulb three 
units— a diode for use as detector and avc. a triode for use as the first audio-fre- 
quency amplifier, and a power-output pentode. Related to multi-unit tubes are 
the electron-ray types 6E5 and 6N5. These combine a triode amplifier with a 
fluorescent target. Full-wave rectifiers are also multi-unit types. 

A third class of tubes combines features of each of the other two classes. 
Typical of this third class are the pentagrid-converter types 1A7-G and 12SA7. 

— 9 — 



RCA 



RECEIVING 



TUBE 



MANUAL 



These tubes are similar to the multi-electrode types in that they have seven elec- 
trodes, all of which affect the electron stream; and they are similar to the multi- 
unit tubes in that they perform simultaneously the double function of oscillator 
and mixer in superheterodyne receivers. 

Complete classification of tubes by services and cathode voltages is given on 
the chart at the beginning of the DATA SECTION. 

Radio Tube Characteristics 

The term "CHARACTERISTICS" is used to identify the distinguishing 
electrical features and values of a radio tube. These values may be shown in curve 
form or they may be tabulated. When given in curve form, they are called 
characteristic curves and may be used for the determination of tube performance 
and the calculation of additional tube factors. 

Tube characteristics are obtained from electrical measurements of a tube in 
various circuits under certain definite conditions of voltages. Characteristics may 
be further described by denoting the conditions of measurements. For example, 
Static Characteristics are the values obtained with different d-c potentials applied 
to the tube electrodes, while Dynamic Characteristics are the values obtained with 
an a-c voltage on the control grid under various conditions of d-c potentials on the 
electrodes. The dynamic characteristics, therefore, are indicative of the perform- 
ance capabilities of a tube under actual working conditions. 

Static characteristics may be shown by plate characteristics curves and transfer 
(mutual) characteristics curves. These curves present the same information, but 
in two different forms to increase its usefulness. The plate characteristic curve 
is obtained by varying plate voltage and measuring plate current for different 
control-grid bias voltages, while the transfer-characteristic curve is obtained by 
varying control-grid bias voltage and measuring plate current for different plate 
voltages. A plate-characteristic family of curves is illustrated by Fig. 10. Fig. 11 
gives the transfer characteristic family of curves for the same tube. 
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Fig. 11 



Dynamic characteristics include amplification factor, plate resistance, control- 
grid — plate transconductance and certain detector characteristics, and may be shown 
in curve form for variations in tube operating conditions. 

The amplification factor, or p, is the ratio of the change in plate voltage to a 
change in control-electrode voltage in the opposite direction, under the condition 
that the plate current remains unchanged, and that all other electrode voltages 
are maintained constant. For example, if, when the plate voltage is made 1 volt 
more positive, the grid voltage must be made 0.1 volt more negative to hold plate 
current unchanged, the amplification factor is 1 divided by 0.1, or 10. In other 
words, a small voltage variation in the grid circuit of a tube has the same effect on 
the plate current as a large plate voltage change — the latter equal to the product 
of the grid voltage change and amplification factor. The n of a tube is useful for 
calculating stage gain, as discussed on page 13. 
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Plate resistance (r p ) of a radio tube is the resistance of the path between 
cathode and plate to the flow of alternating current. It is the quotient of a small 
change in plate voltage by the corresponding change in plate current and is expressed 
in ohms, the unit of resistance. Thus, if a change of 0.1 milliampere (0.0001 ampere) 
is produced by a plate voltage variation of 1 volt, the plate resistance is 1 divided 
by 0.0001, or 10000 ohms. 

Control-grid— plate transconductance, or simply transconductance (gm), is a 
factor which combines in one term the amplification factor and the plate resistance, 
and is the quotient of the first by the second. This term is also known as mutual 
conductance. Transconductance may be more strictly defined as the ratio of a 
small change in plate current (amperes) to the small change in the control-grid 
voltage producing it, under the condition that all other voltages remain unchanged. 
Thus, if a grid-voltage change of 0.5 volt causes a plate-current change of 1 mil- 
liampere (0.001 ampere), with all other voltages constant, the transconductance is 
0.001 divided by 0.5, or 0.002 mho. A "mho is the unit of conductance and was 
named by spelling ohm backwards. For convenience, a millionth of a mho. or a 
micromho, is used to express transconductance. Sq, in the example, 0.002 mho 
is 2000 micromhos. 

Conversion transconductance (g c ) is a characteristic associated with the mixer 
(first detector) function of tubes and may be defined as the quotient of the inter- 
mediate-frequency (i-f) current in the primary of the i-f transformer by the applied 
radio-frequency (r-f) voltage producing it; or more precisely, it is the limiting value 
of this quotient as the r-f voltage and i-f current approach zero. When the per- 
formance of a frequency converter is determined, conversion transconductance 
is used in the same way as control-grid — plate transconductance is used in single- 
frequency amplifier computations. 

Maximum peak inverse voltage characteristic of a rectifier tube is the highest 
peak voltage that a rectifier tube can safely stand in the direction opposite to that 
in which it is designed to pass current. In other words, it is the safe arc-back limit 
with the tube operating within the specified temperature range. Referring to Fig. 12, 
when plate A of a full-wave rectifier tube is 
positive, current flows from A to C, but not from 
B to C, because B is negative. At the instant 
plate A is positive, the filament is positive (at 
high voltage) with respect to plate B. The voltage 
between the positive filament and the negative 
plate B is in inverse relation to that causing 
current flow. The peak value of this voltage is 
limited by the resistance and nature of the path 
between plate B and filament. The maximum 
value of this voltage at which there is no danger 
of breakdown of the tube is known as maximum 
peak-inverse voltage. The relations between peak Fig. 12 

inverse voltage, rms value of a-c input voltage, 
and d-c output voltage depend largely on the 

individual characteristics of the rectifier circuit and the power supply. The presence 
of line surges or any other transient, or wave-form distortion may raise the actual 
peak voltage to a value higher than that calculated for sine-wave voltages. There- 
for, the actual inverse voltage, and not the calculated value, should be such as not 
to exceed the rated maximum peak inverse voltage for the rectifier tube. A cathode- 
ray oscillograph or a spark gap connected across the tube is useful in determining 
the actual peak inverse voltage. In single-phase, full-wave circuits with sine- 
wave input and with no condenser across the output, the peak inverse voltage on 
a rectifier tube is approximately 1.4 times the rms value of the plate voltage applied 
to the tube. In single-phase, half-wave circuits with sine-wave input and with 
condenser input to the filter, the peak inverse voltage may be as high as 2.8 times 
the rms value of the applied plate voltage. In polyphase circuits, mathematical 
determination of peak inverse voltage requires the use of vectors. 

Maximum peak plate current is the highest steady-state peak current that a 
rectifier tube can safely stand in the direction in which it is designed to pass current. 
The safe value of this peak current in hot-cathode types of rectifiers is a 
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function of the available emission and the duration of the pulsating current flow 
from the rectifier tube during each half cycle. In a given circuit, the actual value 
of peak plate current is largely determined by filter constants. If a large choke is 
used in the filter circuit next to the rectifier tubes, the peak plate current is not 
much greater than the load current, but if a large condenser is used in the filter 
next to the rectifier tubes, the peak current is often many times the load current. 
In order to determine accurately the peak current in any circuit, the best procedure 
usually is to measure it with a peak-indicating meter or to use an oscillograph. 

Plate dissipation is the power dissipated in the form of heat by the plate as 
a result of electron bombardment. It is the difference between the power supplied 
to the plate of the tube and the power delivered by the tube to the load. 

Screen dissipation is the power dissipated in the form of heat by the screen as 
a result of electron bombardment. With tetrodes and pentodes, the power dis- 
sipated in the screen circuit is added to the power in the plate circuit to obtain the 
total B-supply input power. 

The plate efficiency of a power amplifier tube is the ratio of the a-c power 
output to the product of the average d-c plate voltage and d-c plate current at 
full signal, or 

. power output watts v . inn 

Plate efficiency (%) - a verage d . c p , ate volts X average d-c plate amperes X 100 

The power sensitivity of a tube is the ratio of the power output to the square 
of the input signal voltage (RMS) and is expressed in mhos as follows: 

„ ...... power output watts 

Power seruutmty (mhos) - (input ^ntl volts. RMS)' 

Radio Tube Applications 

The diversified applications of a radio tube may, within the scope of this 
chapter, be grouped broadly into five kinds of operation. These are: Amplification, 
rectification, detection, oscillation, and frequency conversion. Although these 
operations may take place at either radio or audio frequencies and may involve the 
use of different circuits and different supplemental parts, the general considerations 
of each kind of operation are basic. 

AMPLIFICATION 

The amplifying action of a radio tube was mentioned under TRIODES, page 
7. This action can be utilized in radio circuits in a number of ways, depending 
upon the results to be achieved. Four classes of amplifier service recognized by 
engineers are covered by definitions standardized by the Institute of Radio Engineers. 
This classification depends primarily on the fraction of input cycle during which 
plate current is expected to flow under rated full-load conditions. The classes are 
class A, class AB, class B, and class C. The term, cut-off bias, used in these defini- 
tions is the value of grid bias at which plate current is some very small value. 

Class A Amplifier. A class A amplifier is an amplifier in which the grid bias 
and alternating grid voltages are such that plate current in a specific tube flows 
at all times. 

Class AB Amplifier. A class AB amplifier is an amplifier in which the grid 
bias and alternating grid voltages are such that plate current in a specific tube flows 
for appreciably more than half but less than the entire electrical cycle. 

Class B Amplifier. A class B amplifier is an amplifier in which the grid bias 
is approximately equal to the cut-off value so that the plate current is approximately 
zero when no exciting grid voltage is applied, and so that plate current in a specific 
tube flows for approximately one-half of each cycle when an alternating grid voltage 
is applied. 

Class C Amplifier. A class C amplifier is an amplifier in which the grid bias 
is appreciably greater than the cut-off value so that the plate current in each tube 
is zero when no alternating grid voltage is applied, and so that plate current flows 
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in a specific tube for appreciably less than one-half of each cycle when an alternating 
grid voltage is applied. 

NOTE: — To denote that grid current does not flow during any part of the 
nput cycle, the suffix 1 may be added to the letter or letters of the class identifica- 
tion. The suffix 2 may be used to denote that grid current flows during some part 
of the cycle. 

For radio-frequency amplifiers which operate into a selective tuned circuit, as 
in radio transmitter applications, or under requirements where distortion is not an 
important factor, any of the above classes of amplifiers may be used, either with a 
single tube or a push-pull stage. For audio-frequency amplifiers in which distortion 
is an important factor, only class A amplifiers permit single-tube operation. In this 
case, operating conditions are usually chosen so that distortion is kept below the 
conventional 5% for triodes and the conventional 7 to 10% for tetrodes or pentodes. 
Distortion can be reduced below these figures by means of special circuit arrange- 
ments such as that discussed under inverse feedback. With class A amplifiers, 
reduced distortion with improved power performance can be obtained by using a 
push-pull stage for audio service. With class AB and class B amplifiers, a balanced 
amplifier stage using two tubes is required for audio service. 

As a class A voltage amplifier, a radio tube is used to reproduce grid voltage 
variations across an impedance or a resistance in the plate circuit. These variations 
are essentially of the same form as the input signal voltage impressed on the grid, 
but of increased amplitude. This is accomplished by operating the tube at a suit- 
able grid bias so that the applied grid-input voltage produces plate-current variations 
proportional to the signal swings. Since the voltage variation obtained in the plate 
circuit is much larger than that required to swing the grid, amplification of the 
signal is obtained. Fig 13 gives a graphical illustration of this method of amplifica- 
tion and shows, by means of the grid-voltage vs. plate-current characteristics curve, 
the effect of an input signal (S) applied to the grid of a tube. O is the resulting 
amplified plate-current variation. 

The plate current flowing through the load resistance (R) of Fig. 14 causes a 
voltage drop which varies directly with the plate current. The ratio of this voltage 
variation produced in the load resistance to the input signal voltage is the voltage 




OUTPUT SIGNAL (0) 




Fig. 13 

amplification, or gain, provided by the tube. The voltage amplification due to the 
tube is expressed by the following convenient formulas: 



Voltage amplification 



amplification factor X load resistance 
load resistance + plate resistance ' 



transconductance in micromhos X plate resistance X load resistance 
1000000 X (plate resistance + load resistance) 

From the first formula, it can be seen that the gain actually obtainable from 
the tube is less than the tube's amplification factor but that the gain approaches the 
amplification factor when the load resistance is large compared to the tube's plate 
resistance. Fig. 15 shows graphically how the gain approaches the mu of the tube 
as load resistance is increased. From the curve it can be seen that to obtain high 
gain in a voltage amplifier, a high value of load resistance should be used. 

— 13 — 



RCA RECEIVING TUBE MANUAL 



In a resistance-coupled amplifier, the load resistance of the tube is approximately 
equal to the resistance of the plate resistor in parallel with the grid resistor of the 
following stage. Hence, to obtain a large value of load resistance, it is necessary 




VOLTAGE AMPLIFICATION V5.LOAD RESISTANCE 
FOR THEORETICAL TRIOOE HAVING*. 
PLATE RESI3TANCE = IOO0O OHMS 
AMPLIFICATION FACTOR = IO 
TRANSCONDUCTANCE = IOOO MICROMHOS 



IOOOOO 200000 360000 

LOAD RESISTANCE -OHMS 



Fig. 15 



to use a plate resistor and a grid resistor of large resistance. However, the plate 
resistor should not be too large because the flow of plate current through the plate 
resistor produces a voltage drop which reduces the plate voltage applied to the tube. 
If the plate resistor is too large, this drop will be too large the plate voltage on the 
tube will be too small and the voltage output of the tube will be too small. Also, 
the grid resistor of the following stage should not be too large, the actual maximum 
value being dependent on the particular tube type. A higher value of grid resistance 
is permissible when cathode bias is used than when fixed bias is used. When cathode 
bias is used, a loss in bias due to grid-emission effects is nearly completely offset 
by an increase in bias due to the voltage drop across the cathode resistor. The 
recommended values of plate resistor and grid resistor for the tube types used in 
resistance-coupled circuits, and the values of gain obtainable, are shown in the 
RESISTANCE-COUPLED AMPLIFIER SECTION. 

The. input impedance of a radio tube, that is, the impedance between grid and 
cathode, consists of (1) the capacitance between grid and cathode, (2) a resistance 
component resulting from the time of transit of electrons between cathode and 
grid, and (3) a resistance component developed by the part of the cathode lead 
inductance which is common to both the input and output circuits. Components 
(2) and (3) are dependent on the frequency of the incoming signal. The input 
impedance is very high at audio frequencies when a tube is operated with its grid 
biased negative. Hence, in a class At or class ABj transformer-coupled audio 
amplifier, the loading imposed by the grid on the input transformer is negligible. 
The secondary impedance of a class Ai or class ABi input transformer can, therefore, 
be made very high since the choice is not limited by the input impedance of the 
tube; however, transformer design considerations may limit the choice. At the 
higher radio frequencies, the input impedance may become very low even when the 
gnd is negative, due to the finite time of passage of electrons between cathode and 
plate and to the appreciable lead reactance. This impedance drops very rapidly 
as the frequency is raised and increases input-circuit loading. In fact, the input 
impedance may become low enough at very high radio frequencies to affect appre- 
ciably the gain and selectivity of a preceding stage. Tubes such as the Acorn* 
types have been developed to have low input capacitances, low electron transit 
time and low lead inductance so that their input impedance is high even at the 
ultra-high radio frequencies. 

A super-control amplifier tube is a modified construction of a pentode or a 
tetrode type and is designed to reduce modulation-distortion and cross-modulation 
in radio-frequency stages. Cross-modulation is the effect produced in a radio 
receiver by an interfering station "riding through" on the carrier of the station to 
which the receiver is tuned. Modulation -distortion is a distortion of the modulated 
carrier and appears as audio-frequency distortion in the output. This effect is 
produced by a radio-frequency amplifier stage operating on an excessively curved 
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characteristic when the grid bias has been increased to reduce volume. The offend- 
ing stage for cross-modulation is usually the first radio-frequency amplifier, while 
for modulation-distortion, the cause is usually the last intermediate-frequency stage. 




Fig. 16 Fig. 17 

The characteristics of super-control types are such as; to enable the tube to handle 
both large and small input signals with minimum distortion over a wide range. A 
cross-section of the structure of a 6K7, a typical super-control pentode, is shown in 
Fig. 16. The super-control action is due to the structure of the grid which provides 
a variation in amplification factor with change in grid bias. The grid is wound 
with coarse spacing at the middle and with close spacing at the ends. When weak 
signals and low grid bias are applied to the tube, the effect of the non-uniform turn 
spacing of the grid on cathode emission and tube characteristics is essentially the 
same as for uniform spacing. As the grid bias is made more negative to handle 
larger input signals, the electron flow from the sections of the cathode enclosed by 
the ends of the grid is cut off. The plate current and other tube characteristics are 
then dependent on the electron flow through the coarse section of the grid. This, 
action changes the gain of the tube so that large signals may be handled with 
minimum distortion due to cross-modulation and modulation distortion. Fig. 17 
shows a typical plate-current vs. grid-voltage curve for a super-control type compared 
with the curve for a type having a uniformly spaced grid. It will be noted that 
while the curves are similar at small grid-bias voltages, the plate current of the 
super-control tube drops quite slowly with large values of bias voltage. This slow 
change makes it possible for the tube to handle large signals satisfactorily. Since 
super-control types can accommodate large and small signals, they are particularly 
suitable for use in sets having automatic volume control. Super-control tubes also 
are known as remote cut-off types. 

As a class A power amplifier, a radio tube is used in the output stage of radio 
receivers to supply relatively large amounts of power to the loudspeaker. For this 
application, large power output is of much greater importance than high-voltage 
amplification, so that gain possibilities are sacrificed in the design of power tubes 
to obtain power-handling capability. Power tubes of the triode type in class A 
service are characterized by low power sensitivity, low plate-power efficiency, and 
low distortion. Power tubes of the pentode type are characterized by high power 
sensitivity, high plate-power efficiency, and relatively high distortion. Beam power 
tubes such as the 6L6 have a still higher power sensitivity and efficiency and have 
a higher power output capability than triode or conventional pentode types. 

A class A power amplifier is also used as a driver to supply power to a class 
AB or a class B output stage. It is usually advisable to use a triode type, rather 
than a pentode, in a driver stage because of the lower distortion of the triode. 




Fig. 18 Fig. 19 
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Either push-pull or parallel operation of power tubes may be employed with 
class A amplifiers to obtain increased output. The parallel connection (Fig. 18) 
provides twice the output of a single tube with the same value of grid-signal voltage. 
The push-pull connection (Fig. 19) requires twice the input-signal voltage, but 
has, in addition to an increase in power, a number of important advantages over 
single-tube operation. Distortion due to even-order harmonics and hum due to 
plate-supply-voltage fluctuations are either eliminated or decidedly reduced through 
cancellation. Since distortion is less than for single-tube operation, appreciably 
more than twice single-tube output can be obtained by decreasing the load resistance. 
Should oscillations occur in the push-pull or parallel stages, they can often be 
eliminated by connecting a non-inductive resistor of approximately 500 ohms in 
series with each grid lead at the tube socket. 

Operation of power tubes so that the grids run positive is inadvisable except 
under conditions such as are discussed later in this section for class AB and class B 
amplifiers. 

Power output for triodes as single-tube class A amplifiers can be calculated 
without serious error from the plate family of curves by assuming a resistance load. 
The proper plate current, grid bias, and optimum load resistance, as well as the 
per cent second-harmonic distortion, can also be determined. The calculations 
are made graphically and are illustrated by Fig. 20 for given conditions. The 
procedure is as follows: Draw a straight line XY through the points P and X on 
the plate family of curves. P is known as the zero-signal bias point and may readily 
be located by determining the zero-signal bias, Ec,, from the following formula: 



where Eb is the chosen value of d-c plate voltage at which the tube is to be operated 
and n is the amplification factor of the tube. X is a point on the d-c bias curve 
at zero volts and is determined by the value of the maximum-signal plate current, 
I max., which is equal to twice the zero-signal plate current, or 2Io. In the case 
of filament types of tubes, the calculations are given on the basis of a d-c operated 
filament. When, however the filament is a-c operated, the calculated value of d-c 
bias should be increased by approximately one half the filament-voltage rating 
of the tube. 

Line XY is known as the load resistance line. Its slope corresponds to the value 
of the load resistance. The load resistance in ohms is equal to (E max. — E min.) 
divided by (I max. — I min.), where E is in volts and I in amperes. 

For power output calculations, it is assumed that the peak alternating grid 
voltage is sufficient (1) to swing the grid from the zero-signal bias value to zero 
bias on the positive swing and (2) to a value twice the zero-signal bias value on the 
negative swing. During the positive swing, the plate voltage and plate current 
reach values of E min. and I max. ; during the negative swing, they reach values of 
E max. and I min. Since power is the product of voltage and current, the average 
power output, as indicated by a wattmeter, is given by 



where E is in volts, I in amperes, and power output in watts. 

In the output of a power amplifier triode, some distortion i3 present. This 
distortion is predominately second-harmonic in single-tube amplifiers. The per- 
centage of second-harmonic distortion may be calculated by the following formula: 



Zero-iignal bias (P) — 



0.68 X Eb 



Power output 



(I max. - I min.) (E max. - E min.; 
8 



% 2nd harmonic distortion 



I max. + I min. 
2 



-I. 



X 100 



1 max. - I min. 



where Io is the zero-signal plate current in amperes. 
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Example: Determine the load re- 
sistance and undistorted power 
output of a triode operated at 250 
volts on the plate, given its ampli- 
fication factor of 3.5 and its plate 
characteristics curves as shown in 
Fig. 20. 

Procedure: Draw the load line 
XY through the operating point 
(P) and the zero d-c grid bias 
point (X) 



0.6 8 X 2 50 
3.5 



, or -48.5 volts 



X - 2 X 0.0335, or 0.067 ampere 

By substituting the curve values in 
the power output formula, we find 




Power output 



(0.067 - 0.006) (357- 118) 
8 



1.8 watts 



The resistance of the load line XY is 



357 - 118 
0.067 - 0.006' 



, or 3920 ohms 



If now, the values from the curves are substituted in the distortion formula, we have 



0.067 + 0.006 



0.0335 



2nd harmonic distortion » 



0.067 - 0.006 



X 100 - 4.9% 



It is customary to make the selection of load resistance such that the distortion 
as calculated from the above equation does not exceed 5 per cent. When the method 
shown above is used to determine the slope of the load resistance line, 2nd harmonic 
distortion in the output of a triode power amplifier is generally less than 5 per cent. 
Ordinarily, the plate load resistance for a single-tube amplifier is approximately 
equal to twice the plate resistance. 

Power output for triodes in push-pull power 
amplifiers may be determined by means of the 
plate family, given Eo as the desired operating 
plate voltage. The method is to erect a vertical 
line at E = 0.6 Eo (see Fig. 21), intersecting the 
Ec = 0 curve at the point I max. This es- 
tablishes I max. Then, 



961- 




Power output 



I max. X Eo 



If I max. is expressed in amperes and Eo in 
volts, power output is in watts. 

Fig. 21 illustrates the application of this 
method to the case of two type 45 's operated 
at Eo = 250 volts. 



Pig. 21 



Power output — 



0.096 X 250 



The method for determining the proper load resistance for triodes in push-pull 
is as follows: Draw a load line through I max. and through the Eo point on the 
zero-current axis. Four times the resistance represented by this load line is the 
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plate-to-plate load for two triodes in a class A push-pull amplifier. From the curves 
in Fig. 21, we have 

100 



Plate-to-plate load - ^ 0 6 ^° X 4 
I max. 



0.096 



X 4 - 4160 ohms 



This simple formula is applicable to all power output triodes in push-pull. The 
operating grid-bias voltage can be anywhere between that specified for single-tube 
operation and that equal to one-half the grid-bias voltage required to produce 
plate-current cut-off at a plate voltage of 1.4 Eo. Thus, for single-tube operation 
of the type 45, the grid-bias voltage is recommended as -50 volts for 250 volts on 
the plate. Plate-current cut-off at 1.4 Eo, or 350 volts, occurs at -110 volts on 
the grid. One-half of this value is -55 volts, which is the most negative value per- 
missible without departing from class A conditions. Operation beyond this point 
will be accompanied by rectification and will no longer be representative of a class 
A amplifier. 

Power output for pen- 
tode and for beam power 
tubes as class A amplifiers 
can be calculated in much 
the same way as for triodes. 
The calculations can be made 
graphically from a special 
plate family, as illustrated in 
Fig. 22. From a point A just 
above the knee of the zero- 
bias curve, draw arbitrarily 
selected load lines to the 
zero plate-current axis. These 
lines should be on both sides 
of the operating point P whose 
position is determined by the 
desired operating plate volt- 
age, Eo, and one half the max- 
imum-signal plate current. 
Along any load line, say AAi, 
measure the distance AOi. On the same line, lay off any equal distance OiAi. 
For optimum operation, the change in bias from A to Oi should nearly equal the 
change in bias from Oi to A,. If this condition cannot be met with one line, then 
another line should be selected. When the most satisfactory line has been chosen, 
its resistance may then be determined by the following formula. 




PLATE VOLTS 
15 THE CONTHOL-GP.IO BIAS VOLTAGE AT THE OPERATING POINT 



Fig. 22 



Load resistance (Rp) 



E max. - E min. 
I max. - I min. 



The value of Rp may then be substituted in the following formula for calculat- 
ing power output. 

[I max . - I min. + 1.41 (Ix - Iy)]» Rp 
Power output ■« ■ 22 ~" 

For both of these formulas, if I is in amperes and E in volts, R, is in ohms and 
power output is in watts 

Calculations for distortion may be made by means of the following formulas. 
The terms used have already been defined 



1 max. + 1 min . - 2 Io 
% 2nd harmonic d.stortion - , maJ _ t min . + 1M ( t x _ ty) 



X 100 



I max. - 1 min. - 1.41 (Ix - Iy) 



X 100 



% 3rd harmonic distortion - Imax . _. Imin . + 1.41 (Ix - ty) 
% total (2nd and 3rd) harmonic distortion - ^/(% 2nd har. dist.)* + (% 3rd bar. ditt.T* 
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CONVERSION TACTORS 

0.4 0,6 0.8 1.0 1.5 2.0 2.5 



The conversion curves given in Fig. 23 apply to radio tubes in general but are 
particularly useful for power tubes. These curves can be used for calculating 
approximate operating conditions for a plate voltage which is not included in the 
published data on operating conditions. For instance, suppose it is desired to 
operate two 6L6's in class h. x push-pull, fixed bias, with a plate voltage of 200 volts. 
The nearest published operating conditions for this class of service are for a plate 
voltage of 250 volts. The operating conditions for the new plate voltage can be 
determined as follows: First compute the ratio of the new plate voltage to the 
plate voltage of the published data. In the example, this ratio is 200/250 = 0.8. 
This figure is the Voltage Conversion Factor, Fe. Multiply by this factor to obtain 
the new values of grid bias and screen voltage. This gives a gnd bias of -16 X 0.8 — 
-12.8 volts, and a screen voltage of 250 X 0.8 ■= 200 volts for the new conditions. 

To obtain the rest of the new conditions, 
multiply the published values by factors shown 
on the chart as corresponding to a voltage 
conversion factor /pf 0.8. In this chart, 

Fi applies to plate current and to screen 

current, 
Fp applies to power output, 
Fr applies to load resistance and plate 

resistance, 
Fgm applies to transconductance. 
Thus, to find the power output for the new 
conditions, determine the value of Fp for a 
voltage conversion factor of 0.8. The chart 
shows that this value of Fp is 0.6. Multiply- 
ing the published value of power output by 
0.6, the power output for the new conditions is 
14.5 X 0.6 - 8.7 watts. 
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A class AB power amplifier employs two 
tubes connected in push-pull with a higher 
negative grid bias than is used in a class A 
stage. With this higher negative bias, the 
plate and screen voltages can usually be made 
higher than for class A because the increased 
negative bias holds plate current within the 
limit of the tube's plate dissipation rating. As 
a result of these higher voltages, more power 
output can be obtained from class AB operation. 

Class AB amplifiers are subdivided into 
class ABi and class AB 2 . In class ABi there is 
no flow of grid current. That is, the peak 
signal voltage applied to each grid is not greater 
than the negative grid-bias voltage. The grids 
therefore are not driven to a positive potential 
and do not draw grid current. In class AB S , 
the peak signal voltage is greater than the bias 
so that the grids are driven positive and draw 
grid current. 

Because of the flow of grid current in a class ABj stage there is a loss of power 
in the grid circuit. The sum of this loss and the loss in the input transformer is the 
total driving power required by the grid circuit. The driver stage should be capable 
of a power output considerably larger than this required power in order that dis- 
tortion introduced in the grid circuit be kept low. The input transformer used 
in a class AB» amplifier usually has a step-down turns ratio. 

Because of the large fluctuations of plate current in a class AB> stage, it is 
important that the power supply should have good regulation. Otherwise the 
fluctuations in plate current cause fluctuations in the voltage output of the power 
supply, with the result that power output is decreased and distortion is increased. 
To obtain satisfactory regulation it is usually advisable to use a choke-input filter. 
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It is sometimes advisable to use a mercury-vapor rectifier tube rather than a vacuum 
type because of the better regulation of the mercury-vapor type. In all cases, the 
resistance of the filter chokes and power transformer should be as low as possible. 

A class B power amplifier employs two tubes connected in push-pull, so biased 
that plate current is almost zero when no signal voltage is applied to the grids. 
Because of this low value of no-signal plate current, class B amplification has the 
same advantage as class AB, that large power output can be obtained without 
excessive plate dissipation. The difference between class B and class AB is that, 
in class B, plate current is cut off for a larger portion of the negative grid swing. 

There are several tube types designed especially for class B amplification. The 
characteristic common to all these types is high amplification factor. With this high 
amplification factor, plate current is small when grid voltage is zero. These tubes, 
therefore, can be operated in class B at a bias of zero volts so that a bias supply 
is not required. A number of the class B amplifier tube types consist of two triode 
units mounted in one tube. The two triode units can be connected in push-pull 
so that only one tube is required for a class B stage. /Examples of class B twin 
triode types are the 6N7, 6A6, and 1G6-G. 

Because a class B amplifier is usually operated at zero bias, each grid is at a 
positive potential during the positive half-cycle of its signal swing and consequently 
draws considerable grid current. There is, therefore, a loss of power in the grid 
circuit. This imposes the same requirement on the driver stage as in a class AB» 
stage; that is, the driver should be capable of considerably more power output than 
the power required for the class B grid circuit in order that distortion be low. The 
interstage transformer between the driver and class B stage usually has a step- 
down turns ratio. 

The fluctuations in plate current in a class B stage are large so that it is im- 
portant that the power supply have good regulation. The discussion of the power 
supply for a class AB» stage, therefore, also applies to the power supply for a class 
B amplifier. 

An inverse-feedback circuit, sometimes called a degenerative circuit, is one 
in which a portion of the output voltage of a tube is applied to the input of the 
same or a preceding tube in opposite phase to the signal applied to the tube. Two 
important advantages of feedback are: (1) reduced distortion from each stage 
included in the feedback circuit and (2) reduction in the variations in gain due to 
changes in line voltage, possible differences between tubes of the same type, or 
variations in the values of circuit constants included in the feedback circuit. 

Inverse feedback is used in audio amplifiers to reduce distortion in the output 
stage where the load impedance on the tube is a loudspeaker. Because the imped- 
ance of a loudspeaker is not constant for all audio frequencies, the load impedance 
on the output tube varies with frequency. When the output tube is a pentode or 
beam power tube having high plate resistance, this variation in plate load impedance 
can, if not corrected, produce considerable frequency distortion. Such frequency 
distortion can be reduced by means of inverse feedback. Inverse feedback circuits 
are of the constant voltage type and the constant-current type. 



to the grid. There results a decrease in distortion which can be explained by the 
curves of Fig. 25. 




Fig. 24 



The application of the constant 
voltage type of inverse feedback to a 
power output stage using a single 
beam power tube is illustrated by 
Fig. 24. In this circuit, Ri, R>, and C 
are connected across the output of 
the 6L6 as a voltage divider. The 
secondary of the grid-input trans- 
former is returned to a point on this 
voltage divider. Condenser C blocks 
the d-c plate voltage from the grid. 
However, a portion of the tube's a-f 
output voltage, approximately equal 
to the output voltage multiplied by 
the fraction R s /(Ri + Ri), is applied 
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Consider first the amplifier without the use of inverse feedback. Suppose that 
when a signal voltage e. is applied to the grid the a-f plate current i' p has an irreg- 
ularity in its positive half-cycle. This irregularity represents a departure from 
the waveform of the input signal and is. therefore, distortion. For this plate-current 
waveform, the a-f plate voltage has a waveform shown by e' p . The plate-voltage 
waveform is inverted compared to the plate-current waveform because a plate- 
current increase produces an increase in the drop across the plate load. The voltage 
at the plate is the difference between the drop across the load and the supply volt- 
age; thus, when plate current goes up, plate voltage goes down: when plate current 
goes down, plate voltage goes up. 



Now suppose that inverse feedback is applied to the amplifier. The distortion 
irregularity m plate current is corrected in the following manner. With an inverse 
feedback arrangement, the voltage fed back to the grid has the same waveform 
and phase as the plate voltage, but is smaller in magnitude. Hence, with a plate 
voltage of waveform shown by e'p, the feed-back voltage appearing on the grid is 
as shown by e', t . This voltage applied to the grid produces a component of plate 
current i' p( . It is evident that the irregularity in the waveform of this component 
of plate current would act to cancel the original irregularity and thus reduce 
distortion. 

After the correction of distortion has been applied by inverse feedback, the 
relations are as shown in the curve for i p . The dotted curve shown by i p/ is the 
component of plate current due to the feedback voltage on the grid. The dotted 
curve shown by i' B is the component of plate current due to the signal voltage on 
the grid. The algebraic sum of these two components gives the resultant plate 
current shown by the solid curve of i„. Since i' p is the plate current that would 
flow without inverse feedback, it can be seen that the application of inverse feed- 
back has reduced the irregularity in the output current. In this manner inverse 
feedback acts to correct any component of plate current that does not correspond 
to the input signal voltage, and thus reduces distortion 

From the curve for i p , it can be seen that, besides reducing distortion inverse 
feedback also reduces the amplitude of the output current. Consequently, when 
inverse feedback is applied to an amplifier there is a decrease in power output as 
well as a decrease in distortion. However, by means of an increase in signal voltage, 
the power output can be brought back to its full value. Hence, the application of 
inverse feedback to an amplifier requires that more driving voltage be applied to 
obtain full power output but this output is obtained with less distortion. 

Inverse feedback may also be applied to resistance-coupled stages as shown 
in Fig. 26. The circuit is conventional except that a feedback resistor, R,, is con- 
nected between the plates of tubes Ti and T,. The output signal voltage of Ti 
and a portion of the output signal voltage of T, appears across R,. Because the 
distortion generated in the plate circuit of T, is applied to its grid out of phase 
with the input signal, the distortion in the output of T, is comparatively low. 
With sufficient inverse feedback of the constant-voltage type in a power-output 
stage, it is not necessary to employ a network of resistance and capacitance in the 




Fig. 25 
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output circuit to reduce response at high audio freqencies. Inverse feedback cir- 
cuits can also be applied to push-pull class A and class ABx amplifiers. When the 
circuit in Fig. 24 is used in push-pull, the input transformer must have a separate 
secondary for each grid. Inverse feedback is not recommended for use in ampli- 
fiers drawing grid power because of the resistance introduced in the grid circuit. 

Constant-current inverse feedback is 
usually obtained by omitting the by-pass 
condenser across a cathode resistor. This 
method decreases the gain and the dis- 
tortion but increases the plate resistance 
of the tube. When the plate resistance 
of an output tube is increased, the output 
voltage rises at the resonant frequency of 
the loudspeaker and accentuates hang-over 
effects. 

Inverse feedback is not generally ap- 
plied to a triode power amplifier such 
as the 2A3 because the variation in speaker impedance with frequency does not 
produce much distortion in a triode stage having low plate resistance. It is some- 
times applied in a pentode stage but is not always convenient. As has been shown, 
when inverse feedback is used in an amplifier, the driving voltage must be increased 
in order to give full power output. When inverse feedback is used with a pentode, 
the total driving voltage required for full power output may be inconveniently 
large. Because a beam power tube gives full power output on a comparatively 
small driving voltage, inverse feedback is especially applicable to beam power 
tubes. By means of inverse feedback, the high efficiency and high power output 
of beam power tubes can be combined with freedom from the effects of varying 
speaker impedance. 

A corrective filter can be used to improve the frequency characteristic of an 
output stage, using a beam power tube or a pentode, when inverse feedback is not 
applicable. The filter consists of a resistor and a condenser connected in series 
across the primary of the output transformer. Connected in this way, the filter is 
in parallel with the plate-load impedance reflected from the voice-coil by the out- 
put transformer. The magnitude of this reflected impedance increases with increas- 
ing frequency in the middle and upper audio range. The impedance of the filter, 
however, decreases with increasing frequency. It follows that by use of the proper 
values for the resistance and the capacitance in the filter, the effective load imped- 
ance on the output tubes can be made practically constant for all frequencies in the 
middle and upper audio range. The result is an improvement in the frequency 
characteristic of the output stage. . 

The resistance to be used in the filter for a push-pull stage is 1.3 times the 
recommended plate-to-plate load resistance; or, for a single-tube stage, is 1.3 tomes 
the recommended plate load resistance. The capacitance in the filter should have 
a value such that the voltage gain of the output stage at a frequency of 1000 cycles 
or higher is equal to the voltage gain at 400 cycles. A method of determining the 
proper value of capacitance for the filter is to make two measurements on the 

output voltage across the pri- 
mary of the output transformer: 
first, when a 400-cycle signal is 
applied to the input, and second, 
when a 1000-cycle signal of the 
same voltage as the 400-cycle sig- 
nal is applied to the input. The 
correct value of capacitance is 
the one which gives equal output 
voltages for the two signal inputs. 
In practice, this value is usually 
found to be on the order of 0.05 
4. 

A volume expander can be 
used in a phonograph amplifier 
to make more natural the re- 
pig 27 production of music which has 
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a very large volume range. For instance, in the music of a symphony orchestra, 
the sound intensity of the loud passages is very much higher than that of the 
soft passages. When this music is recorded, it is not feasible to make the ratio 
of maximum amplitude to minimum amplitude as large on the record as it is in 
the original music. The recording process is therefore monitored so that the 
volume range of the original is compressed on the record. To compensate for this 
compression, a volume-expander amplifier has a variable gain which is greater for 
a high-amplitude signal than for a low-amplitude signal. The volume expander 
therefore amplifies loud passages more than soft passages and thus can restore 
to the music reproduced from the record the volume range of the original. 

A volume expander circuit is shown in Fig. 27. The action of this circuit 
depends on the fact that the gain of the 6L7 as an audio amplifier can be varied 
by variation of the bias on the No. 3 grid. When the bias on the No. 3 grid is made 
less negative, the gain of the 6L7 increases. In the circuit, the signal to be amplified 
is applied to the No. 1 grid of the 6L7 and is amplified by the 6L7. The signal is 
also applied to the grid of the 6C5, is amplified by the 6C5, and is rectified by the 
6H6. The rectified voltage developed across R8, the load resistor of the 6H6, is 
applied as a positive bias voltage to the No. 3 grid of the 6L7. Then, when the 
amplitude of the signal input increases, the voltage across R8 increases, and the 
bias on the No. 3 grid of the 6L7 is made less negative. Because this increases the 
gain of the 6L7, the gain of the amplifier increases with increase in signal amplitude 
and thus produces volume expansion of the signal. 

The No. 1 grid of the 6L7 is a variable-mu grid and therefore will produce 
distortion if the input signal voltage is too large. For that reason, the signal input 
to the 6L7 should not exceed a peak value of 1 volt. This value is of the same 
order as the voltage obtainable from the usual magnetic phonograph pick-up. 
The no-signal bias voltage on the No. 3 grid is controlled by adjustment of contact 
P. This contact should be adjusted initially to give a no-signal plate current of 
0.15 milliampere in the 6L7. No further adjustment of contact P is required if 
the same 6L7 is always used. If it is desired to delay volume expansion until the 
signal input reaches a certain amplitude, the delay voltage can be inserted as a 
negative bias on the 6H6 plates at the point marked X in the diagram. 

Another circuit using volume expansion is shown in CIRCUIT SECTION. 
This circuit can also be used to provide volume compression for microphone oper- 
ation. Volume compression prevents overloading and blasting and compensates 
for differences in voice level produced by movements of ihe speaker at the micro- 
phone. In this circuit the 6H6 is connected as a voltage doubler. The d-c output 
is applied across potentiometer R u . The arm and one side of R 2 « is connected to 
the d.p.d.t. switch S 2 to permit reversing of the polarity of the voltage taken from 
R 26 . The amount of d-c voltage across R 2a is dependent on the average signal level. 
When the level tends to increase, the voltage across R 28 increases; when the level 
decreases, the voltage decreases. The voltage taken from Rj« is applied in series 
with the control-bias of the master mixer tube. When the switch is set to "expand." 
the voltage becomes opposite in polarity to the bias of the tube. This lowers the 
bias and increases the amplification factor of the tube. When the switch is set 
to "compress," the two voltages are additive. The negative bias is, therefore, 
increased and the amplification factor is decreased. 

A phase inverter is a circuit used to provide resistance coupling between the 
output of a single-tube stage and the input of a push-pull stage. The necessity 
for a phase inverter arises because the signal-voltage inputs to the grids of a push- 
pull stage must be 180 degrees out of phase and approximately equal in amplitude 
with respect to each other. Thus, when the signal voltage input to a push-pull 
stage swings the control grid of one tube in a positive direction, it should swing 
the other grid in a negative direction by a similar amount. With transformer 
coupling between stages, the out-of-phase input voltage to the push-pull stage is 
supplied by means of the center-tapped secondary. With resistance coupling, the 
out-of-phase input voltage is obtained by means of the inverter action of a tube. 

Fig. 28 shows a push-pull power amplifier, resistance-coupled by means of a 
phase-inverter circuit to a single-stage triode T r Phase inversion in this circuit 
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is provided by triode T 2 . The output voltage of Ti is applied to the grid of TV A 
portion of the output voltage of Ti is also applied through the resistors R, and R« 
to the grid of T s . The output voltage of T, is applied to the grid of T 4 . When the 
output voltage of Ti swings in the 
positive direction, the plate current 
of T 2 increases. This action in- 
creases the voltage drop across the 
plate resistor R, and swings the 
plate of T» in the negative direction. 
Thus, when the output voltage of Ti 
swings positive, the output voltage 
of T a swings negative and is, there- 
fore, 180° out of phase with the out- 
put voltage of Ti. In order to ob- 
tain equal voltages at E, and Eb, 
the signal applied to the grid of T 2 
should be less than the voltage at Eb 
in the ratio of the voltage gain of 
T 2 . Under the conditions where 
a twin-type tube or two tubes hav- 
ing the same characteristics are 

used at T, and T 2 , R 4 should be equal to the sum of R, and R 6 . The ratio of R 6 to 
R, plus R 6 should be the same as the voltage gain ratio of T 2 in order to apply the 
correct value of signal voltage to T.. The value of R 5 is, therefore, equal to R 4 
divided by the voltage gain of T 2 ; R 3 is equal to R 4 minus R 5 . 

Values of/Ri, R 2 , R s plus R 6 , and R 4 may be taken from the chart in the 
RESISTANCE-COUPLED AMPLIFIER SECTION. In the practical application 
of this circuit, it is convenient to use a twin-triode tube combining Ti and T 2 . A 
phase-inverter circuit using a 6N7 is shown in the CIRCUIT SECTION. 




Fig. 28 



RECTIFICATION 

The rectifying action of a diode finds an important application in supplying a 
receiver with d-c power from an a-c line. A typical arrangement for this applica- 
tion includes a rectifier tube, a filter, and a voltage divider. The rectifying action 
of the tube is explained briefly under DIODES, page 5. The function of a filter 
is to smooth out the ripple of the tube output, as indicated in Fig. 29. The action 
of the filter is explained on page 40. The voltage divider is used to cut down the 
output voltage to the values required by the plates, screens, and grids of the tubes 
in the receiver. 

A half-wave rectifier and a full-wave rectifier 
circuit are shown in Fig. 30. In the half-wave 
circuit, current flows through the rectifier tube to 
the filter on every other half-cycle of the a-c input 
voltage when the plate is positive with respect to 
the cathode. In the full-wave circuit, current flows 
to the filter on every half-cycle, through plate 
No. 1 on one half-cycle when plate No. 1 is positive 
with respect to the cathode, and through plate 
No. 2 on the next half-cycle when plate No. 2 is 
positive with respect to the cathode. Because the 
current flow to the filter is more uniform in the 
full-wave circuit than in the half-wave circuit, the 
output of the full-wave circuit requires less fijtering. 
Rectifier operating information and circuits are 
given under each rectifier tube type and in the 
CIRCUIT SECTION. 

Parallel operation of rectifier tubes permits of obtaining correspondingly 
increased output current over that obtainable with the use of one tube. For 
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example, when two full-wave rectifier tubes are connected in parallel, the plates 
of each tube are connected together and each tube acts as a half-wave rectifier. 
The allowable voltage and load conditions per tube are the same as for full-wave 
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service but the total load-handling capability of the complete rectifier is approx- 
imately doubled. When mercury-vaoor rectifier tubes are connected in parallel, 
a stabilizing resistor of 50 to 100 ohms should be connected in series with each plate 
lead in order that each tube will carry an equal share of the load. The value of the 
resistor to be used will depend on the amount of plate current that passes through 
the rectifier. Low plate current requires a high value; high plate current, a low 
value. When the plates of mercury-vapor rectifier tubes are connected in parallel, 
the corresponding filament leads should be similarly connected. Otherwise the 
tube drops will be considerably unbalanced and larger stabilizing resistors will be 
required Two or more high-vacuum rectifier tubes can also be connected in par- 
allel to give correspondingly higher output current and, as a result of paralleling 
their internal resistances, give somewhat increased voltage output. With high- 
vacuum types stabilizing resistors may or may not be necessary depending on the 
tube type and the circuit. 

A voltage-doubler circuit of simple form is shown in Fig. 31. The circuit derives 
its name from the fact that its d-c voltage output can be as high as twice the peak 

value of a-c input Basically, a voltage doubler 
is a rectifier circuit arranged so that the output 
voltages of two half-wave rectifiers are in series. 
The action of a voltage doubler is briefly as 
follows On the positive half-cycle of the a-c 
input, that is, when the upper side of the a-c 
input line is positive with respect to the lower 
side, the upper diode passes current and feeds 
a positive charge into the upper condenser. As 
positive charge accumulates on the upper plate 
of the condenser, a positive voltage builds up 
across the condenser. On the next half-cvcle of 
the a-c input, when the upper side of the line is negative with respect to the lower 
side the lower diode passes current so that a negative voltage builds up across the lower 
condenser. As long as no current is drawn at the output terminals from the conden- 
sers, each condenser can charge up to a voltage of magnitude E, the peak value of 
the a-c input. It can be seen from the diagram that with a voltage of +E on one 
condenser and -E on the other, the total voltage across the condensers is 2E. Thus 
the voltage doubler supplies a no-load d-c output voltage twice as large as the 
peak a-c input voltage. When current is drawn at the output terminals by the load 
the output voltage drops below 2E by an amount that depends on the magnitude of 
the load current and the capacitance of the condensers. The arrangement shown 
in Fig. 31 is called a full-wave voltage doubler because each rectifier passes current 
to the load on each half of the a-c input cycle. 

Two rectifier types especially designed for use as voltage doublers are the 
metal 25Z6 and the glass 25Z5. These tubes combine two separate diodes in one 
tube. As voltage doublers, the tubes are used in "transformerless" receivers. In 
these receivers, the heaters of all tubes in the set are connected in series with a 
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voltage-dropping resistor across the line. The connections for the heater supply 
and the voltage-doubling circuit are shown in Figs. 32 and 33. 




R = HEATERS OF OTHER TUBES IN SERIES 

WITH VOLTAGE - DROPPING RESISTOR 
R,= PROTECTIVE RESISTOR 
C,C|,C 2 = C0NDENSER 

Fig. 32 Fig- 33 



With the full-wave voltage-doubler circuit in Fig. 32,'it will be noted that the 
d-c load circuit can not be connected to ground or to one side of the a-c supply line. 
This presents certain disadvantages when the heaters of all the tubes in the set 
are connected in series with a resistance across the a-c line. Such a circuit arrange- 
ment may cause hum because of the high a-c potential between the heaters and 
cathodes of the tubes. The circuit in Fig. 33 overcomes this difficulty by making 
one side of the a-c line common with the negative side of the d-c load circuit. In 
this circuit, one half of the tube is used to charge a condenser which, on the following 
half cycle, discharges in series with the line voltage through the other half of the 
tube. This circuit is called a half-wave voltage doubler because rectified current 
flows to the load only on alternate halves of the a-c input cycle. The voltage reg- 
ulation of this arrangement is somewhat poorer than that of the full-wave voltage 
doubler. 

DETECTION 

When speech or music is transmitted from a radio station, the station radiates 
a radio-frequency wave whose amplitude varies in accordance with the audio- 
frequency signal being transmitted. The r-f wave is said to be modulated by the 
a-f wave. The effect of modulation on the waveform of the r-f wave is shown in 
Fig. 34. 




UNMODULATED A-F MODULATING MODULATED 

R-F CARRIER *AVE R-F WAVE 



Fig. 34 

In the receiver it is desired to reproduce the original a-f modulating wave from 
the modulating r-f wave. In other words, it is desired to demodulate the r-f wave. 
The receiver stage which performs this demodulation is called the demodulator or 
detector stage. There are three different detector circuits in general use, the diode 
detector, the grid-bias detector, and the grid-leak detector. These detector circuits 
are alike in that they eliminate, either partially or completely, alternate half-cycles 
of the r-f wave. With the alternate half-cycles eliminated, the audio variations of 
the other half of the r-f wave can be amplified to drive a loudspeaker or headphones. 

A diode-detector circuit is shown in Fig. 35. The action of this circuit when a 
modulated r-f wave is applied is illustrated by Fig. 36. The r-f voltage applied to 
the circuit is shown in light line; the output voltage across condenser C is shown 
in heavy line. Between points (a) and (b) on the first positive half-cycle of the 
applied r-f voltage, condenser C charges up to the peak value of the r-f voltage. 
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Then as the applied r-f voltage falls away from its peak value, the condenser holds 
the cathode at a potential more positive than the voltage applied to the anode. 
The condenser thus temporarily cuts off current through the diode. While the 
diode current is cut off, the condenser discharges from (b) to (c) through the diode 
load resistor R. When the r-f voltage on the anode rises high enough to exceed 
the potential at which the condenser holds the cathode, current flows again and 




Fig. 35 Fig. 36 

the condenser charges up to the peak value of the second positive half-cycle at (d). 
In this way, the voltage across the condenser follows the peak value of the applied 
r-f voltage and reproduces the a-f modulation. The curve for voltage across the 
condenser, as drawn in Fig. 36, is somewhat jagged. However, this jaggedness, 
which represents an r-f component in the voltage across the condenser, is exaggerated 
in the drawing. In an actual circuit the r-f component of the voltage across the 
condenser is negligible. Hence, when the voltage across the condenser is amplified, 
the output of the amplifier reproduces the speech or music originating at the trans- 
mitting station. 

Another way of understanding the action of a diode detector is to consider the 
circuit as a half- wave rectifier. When the r-f signal on the plate swings positive, 
the tube conducts and the rectified current flows through the load resistance R. 
Because the d-c output voltage of a rectifier depends on the voltage of the a-c input, 
the d-c voltage across C varies in accordance with the amplitude of the r-f carrier 
and thus reproduces the a-f signal. Condenser C should be large enough to smooth 
out r-f or i-f variations but should not be so large as to affect the audio variations. 
Two diodes can be connected in a circuit similar to a full-wave rectifier to give 
full-wave detection. However, in practice, the advantages of this connection 
generally do not justify the extra circuit complication. 

The diode method of detection has the advantage over other methods in that it 
produces less distortion. The reason is that its dynamic characteristic can be made 
more linear than that of other detectors. It has the disadvantages that it does not 
amplify the signal, and that it draws current from the input circuit and therefore 
reduces the selectivity of the input circuit. However, because the diode method of 
detection produces less distortion and because it permits the use of simple avc 
circuits without the necessity for an additional voltage supply, the diode method 
of detection is most widely used in broadcast receivers. 

A typical diode-detector circuit using a duplex-diode triode tube is shown in 
Fig. 37. Both diodes are connected together. R, is the diode load resistor. A 




Fig. 37 Fig. 38 



portion of the a-f voltage developed across this resistor is applied to the triode grid 
through the volume control Rj. In a typical circuit, resistor Ri may be tapped so 
that five-sixths of the total a-f voltage across R, is applied to the volume control. 
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This tapped connection reduces the a-f voltage output of the detector circuit 
slightly but it reduces audio distortion and improves the r-f filtering. D-c bias 
for the triode section is provided by the cathode-bias resistor Ri and the audio 
by-pass condenser C|. The function of condenser Ci is to block the d-c bias of the 
cathode from the grid. The function of condenser C« is to by-pass any r-f voltage 
on the grid to cathode. A duplex-diode pentode may also be used in this circuit. 
With a pentode, the a-f output should be resistance-coupled rather than trans- 
former-coupled. 

Another diode detector circuit, called a diode-biased circuit, is shown in 
Fig. 38. In this circuit, the triode grid is connected directly to a tap on the diode 
load resistor. When an r-f signal voltage is applied to the diode, the d-c voltage 
at the tap supplies bias to the triode grid. When the r-f signal is modulated, the 
a-f voltage at the tap is applied to the grid and is amplified by the triode. The 
advantage of this circuit over the self-biased arrangement shown in Fig. 37 is that 
the diode-biased circuit does not employ a condenser between the grid and the 
diode load resistor, and consequently does not produce as much distortion of a 
signal having a high percentage of modulation. / 

However, there are restrictions on the use of the diode-biased circuit. Because 
the bias voltage on the triode depends on the average amplitude of the r-f voltage 
applied to the diode, the average amplitude of the voltage applied to the diode 
should be constant for all values of signal strength at the antenna. Otherwise 
there will be different values of bias on the triode grid for different signal strengths 
and the triode will produce distortion. Since there is no bias applied to the diode- 
biased triode when no r-f voltage is applied to the diode, sufficient resistance should 
be included in the plate circuit of the triode to limit its zero-bias plate current to a 
safe value. These restrictions mean, in practice, that the receiver should have a 
separate-channel avc system. With such an avc system, the average amplitude 
of the signal voltage applied to the diode can be held within very close limits for 
all values of signal strength at the antenna. The tube used in a diode-biased circuit 
should be one which operates at a fairly large value of bias voltage. The variations 
in bias voltage are then a small percentage of the total bias and hence produce small 
distortion. Tubes taking a fairly large bias voltage are types such as the 6R7 or 
1H6-G having a medium-mu tnode. Tube types having a high-mu triode or a 
pentode should not be used in a diode-biased circuit. 

A grid-bias detector circuit is shown in Fig. 39. In this circuit, the grid is 
biased almost to cut-off, i.e., operated so that the plate current with zero signal is 
practically zero. The bias voltage can be obtained from a cathode-bias resistor, a 
C battery, or a bleeder tap. Because of the high negative bias, only the positive 
half cycles of the r-f signal are amplified by the tube. The signal is, therefore, 
detected in the plate circuit. The advantages of this method of detection are that 
it amplifies the signal, besides detecting it, and that it does not draw current from 
the input circuit and therefore does not lower the selectivity of the input circuit. 




Fig. 39 




The grid-leak and condenser method, illustrated by Fig. 40, is somewhat more 
sensitive than the grid-bias method and gives its best results or weak signals. In 
this circuit, there is no negative d-c bias voltage applied to the grid. Hence, on 
the positive half-cycles of the r-f signal, current flows from grid to cathode. The 
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grid and cathode thus act as a diode detector, with the grid-leak resistor as the 
diode load resistor and the grid condenser as the r-f by-pass condenser. The voltage 
across the condenser then reproduces the a-f modulation in the same manner as 
has been explained for the diode detector. This voltage appears between the grid 
and cathode and is therefore amplified in the plate circuit. The output voltage 
thus reproduces the original a-f signal. 

In this detector circuit, the use of a high-resistance grid leak increases selectivity 
and sensitivity. However, improved a-f response and stability are obtained with 
lower values of grid-leak resistance. This detector circuit has the advantage that 
it amplifies the signal but has the disadvantage that it draws current from the input 
circuit and therefore lowers the selectivity of the input circuit. 




AUTOMATIC VOLUME CONTROL 

The chief purposes of automatic volume control in a receiver are to prevent 
fluctuations in loudspeaker volume when the signal at the antenna is fading in and 
out, and to prevent an unpleasant blast of loud volume when the set is tuned from 

a weak signal, for which the volume control has 
been turned up high, to a strong signal. To accom- 
plish these purposes, an automatic volume control 
circuit regulates the receiver's r-f and i-f gain so 
that this gain is less for a strong signal than for a 
weak signal. In this way, when the signal strength 
at the antenna changes, the avc circuit reduces the 
resultant change in the voltage output of the last 
i-f stage and consequently reduces the change in 
F 'K- 41 the speaker's output volume. 

The avc circuit reduces the r-f and i-f gain for a strong signal usually by 
increasing the negative bias of the r-f, i-f, and frequency-mixer stages when the 
signal increases. A simple avc circuit is shown in Fig. 41. On each positive 
half-cycle of the signal voltage, when the diode plate is positive with respect to 
the cathode, the diode passes current. Because of the flow of diode current through 
Ri. there is a voltage drop across Ri which makes the left end of R t negative with 
respect to ground. This voltage drop across Ri is applied, through the filter R, 
and C, as negative bias on the grids of the preceding stages. Then, when the signal 
strength at the antenna increases, the signal applied to the avc diode increases, 
the voltage drop across Ri increases, the negative bias voltage applied to the r-f 
and i-f stages increases, and the gain of the r-f and i-f stages is decreased. Thus 
the increase in signal strength at the antenna does not produce as much increase 
in the output of the last i-f stage as it would produce without avc. When the 
signal strength at the antenna decreases from a previous steady value, the avc 
circuit acts, of course, in the reverse direction, applying less negative bias, permitting 
the r-f and i-f gain to increase, and thus reducing the decrease in the signal output 
of the last i-f stage. In this way, when the signal strength at the antenna changes, 
the avc circuit acts to prevent change in the output of the last i-f stage, and thus 
acts to prevent change in loudspeaker volume. 

The filter, C and R s , prevents the avc 
voltage from varying at audio frequency. 
The filter is necessary because the voltage 
drop across Ri varies with the modulation 
of the carrier being received. If avc volt- 
age were taken directly from Ri without 
filtering, the audio variations in avc voltage 
would vary the receiver's gain so as to 
smooth out the modulation of the carrier. 
To avoid this effect, the avc voltage is 
taken from the condenser C. Because of 
the resistance R, in series with C. the con- 
denser C can charge and discharge at only 
a comparatively slow rate. The avc volt- 
age therefore cannot vary at frequencies 
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as high as the audio range but can vary at frequencies high enough to compensate 
for most fading. Thus the filter permits the avc circuit to smooth out variations 
in signal due to fading, but prevents the circuit from smoothing out audio modulation. 

It will be seen that an avc circuit and a diode detector circuit are much alike. 
It is therefore convenient in a receiver to combine the detector and the avc diode 
in a single stage. Examples of how these functions are combined in receivers are 
shown in CIRCUIT SECTION. 

In the circuit shown in Fig. 41, a certain amount of avc negative bias is applied 
to the preceding stages on a weak signal. Since it may be desirable to maintain 
the receiver's r-f and i-f gain at the maximum possible value for a weak signal, avc 
circuits are designed in some cases to apply no avc bias until the signal strength 
exceeds a certain value. These avc circuits are known as delayed avc, or, davc 
circuits. A davc circuit is shown in Fig. 42. In this circuit, the diode section Di 
of the 6H6 acts as detector and avc diode. Ri is the diode load resistor and R, 
and Ci are the avc filter. Because the cathode of diode D, is returned through a 
fixed supply of -3 volts to the cathode of D u a d-c current flows through Ri and 
R t in series with Dj. The voltage drop caused by this current places the avc lead 
at approximately -3 volts (less the negligible drop through Dj). When the average 
amplitude of the rectified signal developed across Ri does not exceed 3 volts, the 
avc lead remains at -3 volts. Hence, for signals not strong enough to develop 
3 volts across Ri, the bias applied to the controlled tubes stays constant at a value 
giving high sensitivity. However, when the average amplitude of rectified signal 
voltage across Ri exceeds 3 volts, the plate of diode Di becomes more negative 
than the cathode of Dj and current flow in diode D> ceases. The potential of the 
avc lead is then controlled by the voltage developed across Ri. Therefore, with 
further increase in signal strength, the avc circuit applies an increasing avc bias 
voltage to the controlled stages. In this way, the circuit regulates the receiver's 
gain for strong signals, but permits the gain to stay constant at a maximum value 
for weak signals. 

It can be seen in Fig. 42 that a portion of the -3 volts delay voltage is applied 
to the plate of the detector diode Di, this portion being approximately equal to 
Ri/(Ri + R«) times -3 volts. Hence, with the circuit constants as shown, the 
detector plate is made negative with respect to its cathode by approximately one- 
half volt. However, this voltage does not interfere with detection because it is not 
large enough to prevent current flow in the tube. 



TUNING INDICATION WITH ELECTRON-RAY TUBES 



Electron-ray tubes are designed to indicate visually by means of a fluorescent 
target the effects of a change in controlling voltage. They are widely used as tuning 
indicators in radio receivers. Types such as the 6U5/6G5 and the 6N5 contain 

two main parts: (1) a triode which 
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operates as a d-c amplifier and (2) 
an electron-ray indicator which is 
located in the bulb as shown in 
Fig. 43. The target is operated at 
a positive voltage and therefore 
attracts electrons from the cathode. 
When the electrons strike the target 
they produce a glow on the fluores- 
cent coating of the target. Under 
these conditions, the target appears 
as a ring of light. 

A ray-control electrode is 
mounted between the cathode and 
target. When the potential of this 



electrode is less positive than the target, electrons flowing to the target are repelled 
by the electrostatic field of the electrode, and do not reach that portion of the tar- 
get behind the electrode. Because the target does not glow where it is shielded from 
electrons, the control electrode casts a shadow on the glowing target. The extent 
of this shadow varies from approximately 100° of the target when the control 
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electrode is much more negative than the target to 0° when the control electrode 
is at approximately the same potential as the target 

In the application of the electron-ray tube, the potential of the control electrode 
is determined by the voltage on the grid of the triode section, as can be seen in Fig 
44. The flow of the triode plate current through resistor R produces a voltage drop 
which determines the potential of the control electrode. When trie voltage of the 
triode grid changes in the positive direction, plate current increases, the potential 
of the control electrode goes down because of the increased drop across R, and the 
shadow angle widens. When the potential of the triode grid changes in the negative 
direction, the shadow angle narrows. 
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CIRCUIT FOR WIDE-ANGLE TUNING 



Another type of indicator tube is the 6AF6-G. This tube contains only an 
indicator unit but employs two ray-control electrodes mounted on opposite sides 
of the cathode and connected to individual base pins. It employs an external d-c 
amplifier. See Fig. 45. Thus, two symmetrically opposite shadow angles may be 
obtained by connecting the two ray-control electrodes together, or, two unlike 
patterns may be obtained by individual connection of each ray-control electrode 
to its respective amplifier. 

In radio-receivers, avc voltage is applied to the grid of the d-c amplifier. Since 
avc voltage is at maximum when the set is tuned to give maximum response to a 
station, the shadow angle is at minimum when the receiver is tuned to resonance 

with the desired station. The choice 
between electron-ray tubes depends on 
the avc characteristic of the receiver. 
The 6E5 contains a sharp cut-off triode 
which closes the shadow angle on a com- 
paratively low value of avc voltage. The 
6N5 and 6U5/6G5 each have a remote 
cut-off triode which closes the shadow on 
a larger value of avc voltage than the 
6E5. The 6AF6-G may be used in con- 
junction with d-c amplifier tubes having 
either remote or sharp cut-off character- 
istics. Examples showing how electron- 
ray tubes are incorporated in receiver cir- 
J_ cuits are given in CIRCUIT SECTION. 
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The sensitivity indication of electron- 
ray tubes can be increased by using a 
separate d-c amplifier to control the action of the ray-control electrode in the tuning 
indicator tube. This arrangement increases the maximum shadow angle from the 
usual lf)0? to approximately 180°. A circuit for obtaining wide-angle tuning is 
shown in Fig. 46. 



OSCILLATION 

As an oscillator, a radio tube can be employed to generate a continuously 
alternating voltage. In present-day radio broadcast receivers, this application is 
limited practically to superheterodyne receivers for supplying the heterodyning 
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frequency. Several circuits (represented in Figs. 47 and 48) may be utilized, but 
they all depend on feeding more energy from the plate circuit to the grid circuit 
than is required to equal the power loss in the grid circuit. Feed-back may be 




B- A- B+ B- HEATER 6+ 

A+ TRANSFORMER 



Fig. 47 Fig. 48 



produced by electrostatic or electromagnetic coupling between the grid and plate 
circuits. When sufficient energy is fed back to more than equal the loss in the grid 
circuit, the tube will oscillate. The action consists of regular surges of power 
between the plate and the grid circuit at a frequency dependent on the circuit 
constants of inductance and capacity. By proper choice of these values, the 
frequency may be adjusted over a very wide range. 



FREQUENCY CONVERSION 

Frequency conversion is used in superheterodyne receivers to change the 
frequency of the r-f signal to an intermediate frequency. To perform this change 
in frequency, a frequency-converting device consisting of an oscillator and a 
frequency mixer is employed. In such a device, shown diagrammatically in Fig. 49, 

two voltages of different frequency, the 
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r-f signal voltage and the voltage gen- 
erated by the oscillator, are applied to 
the input of the frequency mixer. 
These voltages beat, or heterodyne, 

within the mixer tube to produce a 

frequency converter plate current having, in addition to 

pi 49 the frequencies of the input voltages, 

numerous sum and difference frequen- 
cies. The output circuit of the mixer stage is provided with a tuned circuit which 
is adjusted to select only one beat frequency, i.e., the frequency equal to the differ- 
ence between the signal frequency and the oscillator frequency. The selected out- 
put frequency is known as the intermediate frequency, or l.f. The output frequency 
of the mixer tube is kept constant for all values of signal frequency by tuning the 
oscillator to the proper frequency. 

Important advantages gained in a receiver by the conversion of signal frequency 
to a fixed intermediate frequency are high selectivity with few tuning stages and 
a high, as well as stable, overall gain for the receiver. 

Three methods of frequency conversion for superheterodyne receivers are of 
interest. These methods are alike in that they employ a frequency-mixer tube in 
which plate current is varied at a combination of the signal frequency and the 
oscillator frequency. These variations in plate current produce across the tuned 
plate load a voltage of the desired intermediate frequency. The three method* dttrer 
in the types of tubes employed and in the means of supplying input voltages to the 
mixer tube. 

A method widely used before the availability of tubes especially designed for 
frequency-conversion service, employs as mixer tube-either a triode, a tetrode, or 
a pentode, in which oscillator voltage and signal voltage are applied to the same 
grid. In this method, coupling between the oscillator and mixer circuits is obtained 
by means of inductance or capacitance. 
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Fig. 50 



The second method employs a tube having an oscillator and frequency mixer 
combined in the same envelope. In one form of such a tube, coupling between 
the two units is obtained by means of the electron stream within the tube. One 
arrangement of the electrodes for this type is shown in Fig. 50. Since five grids 
are used, the tube is called a pentagrid converter. Grids No. 1, No. 2 and the 
cathode are connected to an external circuit to act as a triode oscillator. Grid No. 1 
is the grid of the oscillator and grid No. 2 is the anode. These and the cathode 
can be considered as a composite 
cathode which supplies to the rest 
of the tube an electron stream that 
varies at the oscillator frequency. 
This varying electron stream is fur- 
ther controlled by the r-f signal 
voltage on grid No. 4. Thus, the 
variations in plate current are due 
to the combination of the oscillator 
and the signal frequencies. The 
purpose of grids No. 3 and No. 5, 
which are connected together with- 
in the tube, is to accelerate the 
electron stream and to shield grid 
No. 4 electrostatically from the 
other electrodes. The 6A8 is an 
example of a pentagrid-converter 
type. 

Pentagrid-converter tubes of this design are good frequency-converting devices 
at medium frequencies but their performance is better at the lower frequencies 
than at the high ones. This is because the output of the oscillator drops off as the 
frequency is raised and because certain undesirable effects produced by interaction 
between oscillator and signal sections of the tube increase with frequency. To 
minimize these effects, several of the pentagrid converter tubes are designed so 
that no electrode functions alone as the oscillator anode. In these tubes, grid No. 1 
functions as the oscillator grid, and grid No. 2 is connected within the tube to the 
screen (grid No. 4). The combined two grids No. 2 and 4 shield the signal grid 
(grid No. 3) and act as the composite anode of the oscillator triode. Grid No. 5 
acts as the suppressor. Converter tubes of this type are designed so that the space 
charge around the cathode is unaffected by electrons from the signal grid. Further- 
more, the electrostatic field of the signal grid also has little effect on the space 
charge. The result is that r-f voltage on the signal grid produces little effect on the 
cathode current. There is, therefore, little detuning of the oscillator by avc bias 
because changes in avc bias produce little change in oscillator transconductance 
or in the input capacitance of grid No. 1. Examples of the pentagrid converters 
discussed in this paragraph are the single-ended types 1R5 and 6SA7. 

Another method of frequency conversion utilizes a separate oscillator having 
its grid connected to the No. 1 grid of a mixer hexode. A tube utilizing this con- 
struction is the 6K8 and a top view of its electrode arrangement is shown in Fig. 51. 
The cathode, triode grid No. 1, and triode plate form the oscillator unit of the tube. 

The cathode, hexode mixer grid 
(grid No. 1), hexode double- 
screen (grids No. 2 and 4), 
hexode mixer grid (grid No. 3) 
and hexode plate constitute the 
mixer unit. The internal shields 
are connected to the shell of the 
tube and act as a suppressor for 
the hexode unit. The action 
of the 6K8 in converting a radio- 
frequency signal to an inter- 
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mediate frequency depends on (1) the generation of a local frequency by the triode 
unit, (2) the transferring of this frequency to the hexode grid No. 1, and (3) the 
mixing in the hexode unit of this frequency with that of the r-f signal applied to 
the hexode grid No. 3. The 6K8 is not critical to changes in oscillator-plate voltage 
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or signal-grid bias and, therefore, finds important use in all-wave receivers to 
minimize frequency-shift effects at the higher frequencies. 

The third method of frequency conversion employs a tube particularly designed 
for short-wave reception. This tube, called a pentagrid mixer, has two independent 
control grids and is used with a separate oscillator tube. R-F signal voltage is 

applied to one of the control grids and os- 
cillator voltage is applied to the other. 
It follows, therefore, that the variations 
in plate current are due to the combina- 
tion of the oscillator and signal frequencies. 
The arrangement of electrodes in a penta- 
grid-mixer tube is shown in Fig. 52. The 
tube contains a heater cathode, five grids, 
and a plate. Grids No. 1 and 3 are 
control grids. The r-f signal voltage is ap- 
plied to grid No. 1. This grid has a remote 
cut-off characteristic and is suited for con- 
trol by avc bias voltage. The oscillator 
voltage is applied to grid No. 3. This 
grid has a sharp cut-off characteristic and 
produces a comparatively large effect on plate current for a small amount of 
oscillator voltage. Grids No. 2 and 4 are connected together within the tube. 
They accelerate the electron stream and shield grid No. 3 electrostatically from 
the other electrodes. Grid No. 5, connected within the tube to the cathode, 
functions similarly to the suppressor in a pentode. The 6L7 and 6L7-G are penta- 
grid-mixer tubes. 



Fig. 52 



Radio Tube Installation 

The installation of radio tubes requires care if high-quality performance is 
to be obtained from the associated radio circuits. Installation suggestions and 
precautions which are generally common to all types of tubes are covered in this 
section. Careful observance of these suggestions will do much in helping the 
experimenter and radio technician to obtain the full performance capabilities of 
radio tubes and circuits. Additional and pertinent information is given under 
each tube type and in the CIRCUIT SECTION. 



FILAMENT AND HEATER POWER SUPPLY 

The design of radio tubes allows for some variation in the voltage and current 
supplied to the filament or heater, but most satisfactory results are obtained from 
operation at the rated values. When the voltage is low, the temperature of the 
cathode is below normal, with the result that electron emission is limited. This 
may cause unsatisfactory operation and reduced tube life. On the other hand, 
high cathode voltage causes rapid evaporation of cathode material and shortens 
life. To insure proper tube operation, the filament or heater voltage should be 
checked at the socket terminals by means of an accurate voltmeter while the 
receiver is in operation. In the case of series operation of heaters or filaments, 
correct adjustment can be checked by means of an ammeter in the heater or fila- 
ment circuit. 

The filament or heater voltage supply may be a direct-current source (a battery 
or a d-c power line) or an alternating-current power line, depending on the type 
of service and type of tube. Frequently, a resistor (either variable or fixed) is used 
with a d-c supply to permit compensation for battery voltage variations or to adjust 
the tube voltage at the socket terminals to the correct value. Ordinarily, a step- 
down transformer is used with an a-c supply to provide the proper filament or 
heater voltage. Receivers intended for operation on, both d-c and a-c power lines 
have the heaters connected in series with a suitable resistor and are supplied directly 
from the power line. 
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D-c filament or heater operation should be considered on the basis of the 
source of power. In the case of the battery supply for the new 1.4-volt filament 
tubes, it is unnecessary to use a voltage-dropping resistor in series with the filament 
and a single dry-cell; the filaments of these tubes are designed to operate satis- 
factorily over the range of voltage variations that normally occur during the life 
of a dry-cell. Likewise, no series resistor is required when the 2-volt filament type 
tubes are operated from a single storage cell or when the 6.3-volt series are operated 
from a 6-volt storage battery. In the case of dry-battery supply for 2-volt filament 
tubes, a variable resistor in series with the filament and the battery is required to 
compensate for battery variations. It is also recommended that an accurate volt- 
meter or milliammeter be permanently installed in the receiver to insure operation 
of the tubes at their rated filament voltage. Turning the set on and off by means 
of the rheostat is advised to prevent over-voltage conditions after an off-period, 
for the voltage of dry-cells rises during off-periods. In the case of storage-battery 
supply, air-cell-battery supply, or d-c power supply, a non-adjustable resistor of 
suitable value may be used. It is well to check initial operating conditions, and 
thus the resistor value, by means of a voltmeter or ammeter. 

The filament or heater resistor required when filaments and/or heaters are 
operated in parallel can be determined easily by a simple formula derived from 
Ohm's law. 

_ . . . . . . . supply volts — rated volts of tube type 

Required resistance (ohms) — , . , — . , ,, 7 —. 

total rated filament current (amperes) 

Thus, if a receiver using three 32's, two 30's, and two 31 's is to be operated from 
dry batteries, the series resistor is equal to 3 volts (the voltage from two dry cells 
in series) minus 2 volts (voltage rating for these tubes) divided by 0.56 ampere 
(the sum of 5 X 0.060 ampere + 2 X 0.130 ampere), i.e., approximately 1.8 ohms. 
Since this resistor should be variable to allow adjustment for battery depreciation, 
it is advisable to obtain the next larger commercial size, although any value between 
2 and 3 ohms will be quite satisfactory. Where much power is dissipated in the 
resistor, the wattage rating should be sufficiently large to prevent overheating. 
The power dissipation in watts is equal to the voltage drop in the resistor multiplied 
by the total filament current in amperes. Thus, for the example above 1 X 0.56 => 
0.56 watt. In this case, the value is so small that any commercial rheostat with 
suitable resistance will be adequate. 

For the case where the heaters and/or filaments of several tubes are operated 
in series, the resistor value is calculated by the following formula, also derived 
from Ohm's law 

_ . . . . , . . supply volts — total rated volts of tubes 

Required resistance (ohms) — — - — 

rated amperes of tubes 

Thus, if a receiver having one 6SA7, one 6SK7, one 6B8, one 25A6, and one 25Z6 
is to be operated from a 117-volt power line, the series resistor is equal to 117 volts 
(the supply voltage) minus 68.9 volts (the sum of 3 X 6.3 volts + 2 X 25 volts) 
divided by 0.3 ampere (current rating of these tubes), i.e., approximately 160 ohms. 
The wattage dissipation in the resistor will be 117 volts minus 68.9 volts times 0.3 
ampere, or approximately 14.4 watts. A resistor having a wattage rating in excess 
of this value should be chosen. 

It will be noted in the example for series operation that all tubes have the same 
current rating. If it is desired to connect in series tubes having different heater- 
or filament-current ratings, each tube of the lower rating should have a shunt 
resistor placed across its heater or filament terminals to pass the excess current. 
The value of this shunt resistor can be calculated from the following formula, where 
tube A is the tube in the series connection having the highest heater current rating 
and tube B is any tube having a heater current rating lower than tube A. 

Heater shunt resistance (ohms), tube B — 

heater volts, tube B 



rated heater amperes, tube A — rated heater amperes, tube B 

For example, if a 6A6 having a 6.3-volt, 0.8-ampere heater is to be operated in a 
series-heater circuit employing several 6.3-volt tubes having heater ratings of 0.3 
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ampere the required shunt resistance for each of the latter types would be 

Heater shunt resistance «■ q g ^ q 3 • 12.6 ohms. 

The value of a series voltage-dropping resistor for a sequence of tubes having 
one or more shunt resistors should be calculated on the basis of the tube having 
the highest heater current rating. 

When the series-heater connection is used in a-c/d-c receivers, it is usually 
advisable to arrange the heaters in the circuit so that the tubes most sensitive to 
hum disturbances are at or near the ground potential of the circuit. This arrange- 
ment reduces the amount of a-c voltage between the heaters and cathodes of these 
tubes and minimizes the hum output of the receiver. The order of heater connec- 
tion, by tube function, from chassis to the rectifier-cathode side of the a-c line is 
shown in Fig. 53. 
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A-c filament or heater operation should be considered on the basis of either a 
parallel or a series arraiigement of filaments and/or heaters. In the case of the 
parallel arrangement, a step-down transformer is employed. Precautions should 
be taken to see that the line voltage is the same as that for which the primary of 
the transformer is designed. The line voltage may be determined by measurement 
with an a-c voltmeter (0-150 volts). 

If the line voltage measures in excess of that for which the transformer is 
designed, a resistor should be placed in series with the primary to reduce the line 
voltage to the rated value of the transformer primary. Unless this is done, the 
excess input voltage will cause proportionally excessive voltage to be applied to 
the tubes. Any radio tube may be damaged or made inoperative by excessive 
operating voltages. 

If the line voltage is consistently below that for which the primary of the trans- 
former is designed, it may be necessary to install a booster transformer between 
the a-c outlet and the transformer primary. Before such a transformer is installed, 
the a-c line fluctuations should be very carefully noted. Some radio sets are equipped 
with a line-voltage switch which permits adjustment of the power transformer 
primary to the line voltage. When this switch is properly adjusted, the series- 
resistor or booster-transformer method of controlling line voltage is seldom required. 

In the case of the series arrangements of filaments and/for heaters, a voltage- 
dropping resistance in series with the heaters and the supply line is usually required. 
This resistance should be of such value that, for normal line voltage, tubes will 
operate at their rated heater or filament current. The method for calculating the 
resistor value is given above. 

HEATER-TO-CATHODE CONNECTION 

The cathodes of heater-type tubes, when operated from a.c, should be con- 
nected either to the mid-tap on the heater-supply winding or to the mid-tap of a 
50-ohm (approximate) resistor shunted across the winding. This practice follows 
the general recommendation that the potential difference between heater and 
cathode be kept low. In high-gain resistance-coupled circuits, it is suggested that 
the heater be made 10 volts positive with respect to the cathode in order to prevent 
emission from taking place from heater to cathode and producing hum. If a large 
resistor is used between heater and cathode, it should be by-passed by a suitable 
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filter network or objectionable hum may develop. The hum is due to the fact 
that even a minute pulsating leakage current flowing between the heater and 
cathode will develop a small voltage across any resistance in the circuit. This 
hum voltage is amplified by succeeding stages. When 6.3-volt heater-cathode types 
are operated from a storage battery, the cathodes are connected either directly or 
through biasing resistors to the negative battery terminal. When a series-heater 
arrangement is used, the cathode circuits should be connected either directly or 
through biasing resistors to the negative side of the d-c plate supply, which is 
furnished either by the d-c power line or by the a-c power line through a rectifier. 

PLATE VOLTAGE SUPPLY 

The plate voltage for radio tubes is obtained from batteries, devices for recti- 
fying a.c, direct-current power lines, and small local generators. Auto radios have 
caused the commercial development of a number of devices for obtaining a high- 
voltage d-c supply either from the car storage-battery or from a generator driven 
by the car engine. 

The maximum plate voltage value for any tube type should not be exceeded 
if most satisfactory performance is to be obtained. Plate voltage should not be 
applied to a tube unless the corresponding recommended grid voltage is also sup- 
plied to the grid. 

It is recommended that the primary circuit of the power transformer be fused 
to protect the rectifier tube(s), the power transformer, filter condenser, and chokes 
in case a rectifier tube fails 

GRID VOLTAGE SUPPLY 

The recommended grid voltages for different operating conditions have been 
carefully determined to give the most satisfactory performance. Grid voltage may 
be obtained from a separate C-battery, a tap on the voltage divider of the high- 
voltage d-c supply, or from the voltage drop across a resistor in the cathode circuit. 
This last is called the "cathode-bias," or "self-bias" method. In any case, the 
object is to make the grid negative with respect to the cathode by the specified 
voltage. When a C battery is used, the negative terminal is connected to the grid 
return and the positive terminal is connected to the negative filament socket ter- 
minal, or to the cathode terminal if the tube is of the heater-cathode type. If the 
filament is supplied with alternating current, this connection is usually made to 
the center-tap of a low resistance (20-50 ohms) shunted across the filament ter- 
minals. This method reduces hum disturbances caused by the a-c supply. If 
bias voltages are obtained from the voltage divider of a high-voltage d-c supply, 
the grid return is connected to a more negative tap than the cathode. 

The cathode-biasing method utilizes the voltage drop produced by the cathode 
current flowing through a resistor connected between the cathode and the negative 
terminal of the B-supply. See Fig. 54. The cathode current is, of course, equal 




R = GRID-BIASING RESISTOR T= FILAMENT TRANSFORMER C= BY-PASS CONDENSER 



Fig. 54 

to the plate current in the case of a triode. or to the sum of the plate and screen 
currents in the case of a tetrode, pentode, or beam power tube. Since the voltage 
drop along the resistance is increasingly negative with respect to the cathode, the 
required negative grid-bias voltage can be obtained by connecting the grid return 
to the negative end of the resistance. 
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The size of the resistance for cathode-biasing a single tube can be determined 
from the following formula: 



Resistance (ohmt) — 



desired grid-biae voltage X 1000 
rated cathode current in milliamperes 



Thus, the resistance required to produce 9 volts bias for a triode which operates 
at 3 milliamperes plate current is 9 X 1000/3 - 3000 ohms. If the cathode current 
of more than one tube passes through the resistor, or if the tube or tubes employ 
more than three electrodes, the si2e of the resistor will be determined by the total 
current. 

By-passing of the cathode-bias resistor depends on circuit design requirements. 
In r-f circuits the cathode resistor should always be by-passed. In a-f circuits the 
use of an unby-passed resistor will reduce distortion by introducing degeneration 
into the circuit. However, the use of an unby-passed resistor decreases power 
sensitivity. When by-passing is used, it is important that the by-pass condenser 
be sufficiently large to have negligible reactance at the lowest frequency to be 
amplified. In the case of power output tubes of high transconductance such as 
the beam power tubes, it may be necessary to shunt the bias resistor with a small 
mica condenser (approximately 0.001 m0 in order to prevent oscillations. The 
usual a-f by-pass may or may not be used, depending on whether or not degenera- 
tion is desired. In tubes such as the 6AB7/1853 and 6AC7/1852 having a very 
high value of transconductance, there are appreciable changes of input capacitance 
and input conductance with plate current. In order to minimize such changes 
when a tube of this type is used as an r-f or i-f amplifier, a portion of the cathode- 
bias resistor may be left unby-passed. Additional information on this subject is 
given in the DATA SECTION under the 6AB7. 

Grid-bias variation for the r-f and i-f amplifier stages is a convenient and 
frequently used method for controlling receiver volume. The variable voltage 
supplied to the grid may be obtained: (1) from a variable cathode resistor as shown 
in Figs. 55 and 56; (2) from a bleeder circuit by means of a potentiometer as shown 
in Fig. 57 or (3) from a bleeder circuit in which the bleeder current is varied by a 
tube used for automatic volume control. The latter circuit is shown in Fig. 41. 
In all cases it is important that the control be arranged so that at no time will the 
bias be less than the recommended grid-bias voltage for the particular tubes used. 
This requirement can be met by providing a fixed stop on the potentiometer, by 
connecting a fixed resistance in series with the variable resistance, or by connecting 
a fixed cathode resistance in series with the variable resistance used for regulation. 






Fig. 55 



Fig. 56 



Fig. 57 



Where receiver gain is controlled by grid-bias variation, it is advisable to have the 
control voltages extend over a wide range in order to minimize cross-modulation 
and modulation-distortion. A remote cut-off type of tube should, therefore, be 
used in the controlled stages. 



SCREEN VOLTAGE SUPPLY 

The positive screen voltage for pentodes and beam power tubes may con- 
veniently be obtained from a high-voltage supply through a series resistor because 
tubes having suppressor action provide high uniformity of the screen -current 
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characteristic. Fig. 58 shows a pentode with its screen voltage supplied through 
a series resistor. The positive screen voltage for tetrodes (screen-grid tubes) should 
be obtained from a proper voltage tap or from a potentiometer connected across 
the B supply. It should not be obtained from a high-voltage supply through a 
series resistor because of the characteristic screen-current variations in tetrodes. 
Fig. 59 shows a tetrode with its screen voltage obtained from a potentiometer. 
It is important to note that the plate voltage for tetrodes or pentodes should be 
applied before or with the screen voltage. Otherwise, with voltage on the screen 
only, the screen current may rise high enough to cause excessive screen dissipation. 




Fig. 58 Fig. 59 



Screen-voltage variation for the r-f amplifier stages has sometimes been used 
for volume control in older type receivers. Reduced screen voltage lowers the 
transconductance of the tube and results in decreased gain per stage. The voltage 
variation is obtained by means of a potentiometer shunted across the screen voltage 
supply. See Fig. 59. When the screen voltage is varied, it is essential that the 
screen voltage never exceed the rating of the tube. This requirement can be met 
by providing a fixed stop on the potentiometer. 



SHIELDING 

In high-frequency stages having high gain, the output circuit of each stage 
must be shielded from the input circuit of that stage. Each high-frequency stage 
also must be shielded from the other high-frequency stages. Unless shielding is 
employed, undesired feedback may occur and may produce many harmful effects 
on receiver performance. To prevent this feedback, it is a widely followed practice 
to shield separately each unit of the high-frequency stages. For instance, in a 
superheterodyne receiver, each i-f and r-f coil may be mounted in a separate shield 
can. Baffle plates may be mounted on the ganged tuning condenser to shield each 
section of the condenser from the other sections. The oscillator coil may be 
especially well-shielded by being mounted under the chassis. The shielding pre- 
cautions required in a receiver depend on the design of the receiver and the layout 
of the parts. In all receivers having high-gain high-frequency stages, it is necessary 
to shield separately each tube in the high-frequency stages. When metal tubes, 
and in particular the single-ended types, are used, complete shielding of each tube 
is provided by the metal shell which is grounded through its grounding pin at the 
socket terminal. The grounding connection should be short and heavy. 



FILTERS 

Feed-back effects also are caused in radio receivers by coupling between stages 
through common voltage-supply circuits. Filters find an important use in minimiz- 
ing such effects. They should be placed in voltage-supply leads to each tube in 
order to return the signal current through a low-impedarice path direct to the tube 
cathode rather than by way of the voltage-supply circuit. Fig. 60 illustrates 
several forms of filter circuits. Condenser C forms the low-impedance path, while 
the choke or resistor assists in diverting the signal through the condenser by offering 
a high-impedance to the power-supply circuit. 

The choice between a resistor and a choke depends chiefly upon the permissible 
d-c voltage drop through the filter. In circuits where the current is small (a few 
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milliamperes) resistors are practical; where the current is large, or regulation im- 
portant, chokes are more suitable. 



LEAD 



-j-WWv. -j-\VWV-j-- JJMWW J^WMM J^" 

ITOCATHOM f TO CATHOOC t I TO CATHOOC ITOCATHOOtl 

« = RESISTOR Cs BY-PASS CONDENSER L-A-F OR R-F CHOKE 

Fig. 60 



The minimum practical size of the condensers may be estimated in most cases 
by the following rule: The impedance of the condenser at the lowest frequency 
amplified should not be more than one-fifth of the impedance of the filter choke or 
resistor at that frequency. Better results will be obtained in special cases if the 
ratio is not more than one-tenth. Radio-frequency circuits, particularly at high 
frequencies, require high-quality condensers. Mica condensers are preferable. 
Where stage shields are employed, filters should be placed within the shield. 

Another important application of filters is to smooth the output of a rectifier 
tube. See RECTIFICATION. A smoothing filter usually consists of condensers 
and iron-core chokes. In any filter -design problem, the load impedance must be 
considered as an integral part of the filter because the load is an important factor 
in filter performance. Smoothing effect is obtained from the chokes because they 
are in series with the load and offer a high impedance to the ripple voltage. Smooth- 
ing effect is obtained from the condensers because they are in parallel with the load 
and store energy on the voltage peaks; this energy is released on the voltage dips 
and serves to maintain the voltage at the load substantially constant. Smoothing 
filters are classified as choke-input or condenser-input according to whether a choke 
or condenser is placed next to the rectifier tube. See Fig. 61. 

The CIRCUIT SECTION gives a number of examples of rectifier circuits with 
recommended filter constants. 



CHOKE -INPUT TYPE FILTER 



CONDENSER-INPUT TYPE FILTER 



L 



INPUT 
FROM 

RECTIFIER 
TUBE 



Input 

FROM 
RECTIFIER 
TUBE 



CONDENSER FILTER 



INPUT 
FROM 
RECTIFIER 
TUBE 



-O O I ' O 

L = FILTER CHOKE C = FILTER CONDENSER 

Fig. 61 



If an input condenser is used, consideration must be given to the instantaneous 
peak value of the a-c input voltage. This peak value is about 1.4 times the RMS 
value as measured by an a-c voltmeter. Filter condensers, therefore, especially the 
input condenser, should have a rating high enough to withstand the instantaneous 
peak value if breakdown is to be avoided. When the input-choke method is used, 
the available d-c output voltage will be somewhat lower than with the input- 
condenser method for a given a-c plate voltage. However, improved regulation 
together with lower peak current will be obtained. 

Mercury-vapor and gas-filled rectifier tubes occasionally produce a form of 
local interference in radio receivers, through direct radiation or through the power 
line. This interference is generally identified in the receiver as a broadly tunable 
120-cycle buzz (100 cycles for 50-cycle supply line, etc.). It is usually caused by 
the formation of a steep wave front when plate current within the tube begins to 
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flow on the positive half of each cycle of the a-c supply voltage. There are several 
ways of eliminating this type of interference. One is to shield the tube. Another 
is to insert an r-f choke having an inductance of one millihenrv or more between 
each plate and transformer winding and to connect high-voltage, r-f by-pass con- 
densers between the outside ends of the transformer winding and the center tap. 
See Fig. 62. The r-f chokes should be placed within the shielding of the tube. The 
r-f by-pass condensers should have a voltage rating high enough to withstand the 
peak voltage of each half of the secondary, which is approximately 1.4 times the 
RMS value. Transformers having electrostatic shielding between primary and 
secondary are not likely to transmit r-f disturbances to the line. Often the inter- 
ference may be eliminated simply by making the plate leads of the rectifier extremely 
short. In general, the particular method of interference elimination must be 
selected by experiment for each installation. 




TO A-C 
POWER LINE S 




ELECTROSTATIC 

SHIELD 

C = R-F BY-PASS CONDENSER, MICA L=R-F CHOKE 

Fig 62 

OUTPUT-COUPLING DEVICES 

An output-coupling device is used in the plate circuit of a power output tube 
to keep the comparatively high d-c plate current from the winding of an electro- 
magnetic speaker and also to transfer power efficiently from the output stage to a 
loudspeaker of either the electro-magnetic or dynamic type. 



PLATE 
» 



,C= 2-6>*f 




S + 
• 



J 10-30 H 
II CHOKE 



TO 

LOUDSPEAKER 



TRANSFORMER METHOD 



CHOKE-COIL METHOD 



Fig. 63 



Output-coupling devices are of two types. (1) choke-condenser and (2) transformer. 
The chok e-condenser ty pe consists of an iron -core choke with an inductance of not less 
than 10 henrys which is placed in series with the plate and B-supply. The choke 
offers a very low resistance to the d-c plate current component of the signal voltage 
but opposes the flow of the fluctuating component A by-pass condenser of 2 to 
6 n( supplies a path to the speaker winding for the signal voltage. The transformer 
type is constructed with two separate windings a primary and a secondary wound 
on an iron core. This construction permits of designing each winding to meet the 
requirements of its position in the circuit Typical arrangements of each type of 
coupling device are shown in Fig 63 Examples of transformers for push-pull 
stages are shown in several of the circuits given in the CIRCUIT SECTION 
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RCA Receiving Tube Classifications 

The following chart classifies RCA tubes according to their cathode voltages 
and their functions. It will assist the tube user in identifying; type numbers and in 
choosing a tube type for an application. Types having similar characteristics are 
grouped in parentheses. 



Cathode Volt 


s 1.4 


2.0 


2.5 


5.0 


6.3 


1 2.6 to 
117 


DIODE DETECTORS & RECTIFIERS 














Detectors, twin 












(6H6, 6H6-G) 
7A6 








half-wave 










1-v 


12Z3 
35Z3-LT 
35Z4-GT 
35Z5-GT 
45Z5-GT 






half-wave, with beam 
power amplifier 












70L7-GT 


Rectifiers* 


half-wave with 
power pentode 












12A7 
25A7-G 






full-wave* 


vacuum 








(5T4, 
5U4-G, 
5X4-G, 

5Z3), 
(5W4, 
5Y3-G, 

5Z4 A 

5Y4-G, 

80), 
(5V4-G, 
83-v) 


(6X5, 6X5-G, 
6X5-GT, 84), 
6ZY5-G, 
7Y4 










mercury 






82 


83 












,9as 


Cokf-Calhode Types: 024, 0Z4-G. 


Recttfier-Doublers 












(25Z6j 
25Z6-G, 
25Z6-GT, 

25Z5) 
1 1 7Z6-GT 


DIODE DETECTORS with 
AMPLIFIERS 
















'with high-mu triode 


1H5-G^ 
1H5-Gf 












One j 
Diode 


with high-mu triode and 
r-f pentode 


3A8-GT* 














with medium-mu triode, 
and power pentode 


1D8-GT 














_wifh pentode 


1S5 














'with medium-mu triode 




(1B5 
1H6-G) 


55 




(6SR7, 6R7, 
6R7-G, 85) 


12SR7 


Two < 
Diodes 


with high-mu triode 






2A6 




(6SQ7, 
6Q7.6Q7-G, 
6Q7-GT, 6T7-G, 
6B6-G, 75) 
7C6 


(12SQ7, 
12Q7-GV) 




w 


rth pentode 




(1F7-GV, 
1F6) 


2B7 




(6B8, 6B8-G, 
6B7) 


12C8 


CONVERTERS & MIXERS 














Pentagrid Converters 




(1 A7-G, 
A7-GT), 
1R5 


(1C7-G, 
1C6), 

(1D7-G, 
1A6) 


2A7 




(6SA7, 
6A8.6A8-G, 
6A8-GT, 6D8-G, 
6A7), 7B8-LM 


(12SA7, 
12A8-GT) 


Triode-Hexode Converters 










6K8 


12K8 


Octode 


Converters 












7A8 




Pentagrid Mixer* 












(6L7, 6L7-G) 





NOTEj This classification don not Include the following old type* 00-A, 01 -A, 10, 11, 12, 20, 22, 26, 40, 48, 
50, 71-A, 81, 99, 112-A, 874, 876, and 886. Data on these typos, however, are siren In subsequent pages. 



-42 — 



RCA RECEIVING TUBE MANUAL 



Cathode Volts 


1.4 


2.0 


2.5 


5.0 


6.3 


12.6 to 
117 


VOLTA< 
DETECTC 

Triodes 


3E AMPLI 
)RS, OSCIL 

medium -mu 

r 

^high-mu* 


FIER5, 
LATORS 

single unit 


1G4-G 


(1H4-G, 
30) 


27, 
56 




(6C5, 6C5-G), 
(6J5.6J5-G, 
6J5-GT), 6L5-G, 
/O, j 1 , Or3-U, 

6AE5-GT 


12J5-GT 


twin unit 










6C8-G, 6F8-G 




twin plate 










6AE6-G 




with power 
pentode 










6AD7-G 




with diode, 
power 
pentode 


1D8-GT 












single unit 










(6SF5, 6F5. 
6F5-G, 6F5-GT), 
6K5-G 


(12SF5, 
12F5-GT) 




twin unit 










6SC7 


12SC7 


Tetrodes < 




with diode, 
r-f pentode 


3A8-GT* 












'remote cut-off 






35 








^shorp cut-off 




32 


24A 




36 




Pentodes < 


'remote cut-off 


1T4 


(1D5-GP, 
1A4-P), 
34 


58 




(6SK7, 
6K7, 6K7-G, 
6K7-GT, 78), 

(6U7-G, 6D6), 
6W7-G, 39/44, 
7A7-LM, 7B7, 
6AB7«,6AC7« 


(12SK7, 
12K7-GT) 


remote cut-off, 
with triode 










6F7 




sharp cut-off 


(1NS-G, 
1N5-GT) 


(1E5-GP, 
1B4-P), 
15 


57 




(6SJ7, 617, 
6J7-G, 6J7-GT), 
6C6 , 77, 7C7 


(1 2SJ7. 
12J7-GT) 


^sharp cut-off, with di- 
ode, high-mu triode 


3A8-GT* 












POWER A 

f 
Triodes s 

I* 


MPLIRERS 

ow-mu, single unit 




31 


2A3, 
45 








r 

igh-mu < 
Lt 


ingle unit 




49 


46 






OeAfs; fit 


win unit 


1G6-G 


(1J6-G, 
19) 


53 




(6N7, 6N7-G, 
6A6), 6Z7-G, 79 




Beam 
Power • 
Tubes 


w 
w 


thout rectifier 


1Q5-GT, 
1T5-GT 
3QS-GT'* 








(6L6, 6L6-G), 
\o V v, u v o-\j, 

6V6-GT), 6Y6-G, 
7C5-LT 


(25L6, 
25L6-G 
25L6-GT), 
35A5-LT, 

lei A. /IT 

50L6-GT 


th rectifier 












70L7-GT 


Pentodes • 


'single unit 


1 A5-G, 
1C5-G 
1S4 ' 


(1F5-G, 

1F4) 
1G5-G, 
33, 


2A5 
47 
59 




(6F6, 6F6-G, 42), 
(6K6-G 6K6-GT, 
41), 6d6-G, 38, 
6A4, 89, 7B5-LT 


(25A6, 
25A6-G 

25B6-X5 


twin unit 




1E7-G* 










with diode and triode 


1 D8-GT 












with medium-mu triode 










6AD7-G 




with rectifier 












12 A 7, 
25 A7-G 


.video 










6AG7« 




Direct-Coupled Amplifiers 










(6B5, 6N6-G) 




ELECTRON-RAY TUBES 

t*with remote cut- 
1 off tiiode 










6AB5/6N5, 
6U5/6G5 




(ndi- J 
caters 4 

I 


singled witn sharp eur . 
^ off triode 










6E5 




wtp, without triode 










6AF6-G 




GAS-TRIODES 


Cold-Cathode, Starter-Anode Type: 0 A4-G. 



it Two 1F5-G's in one bulb. #Designed for television applications. 



•Filament arranged for either 1 .4 volt or 2.8-volt operation. 
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Interpretation of Receiving-Tube Ratings 

A star before CHARACTERISTICS under any tube type indicates that the 
maximum ratings for this type are to be interpreted in accordance with RMA 
Standard M8-210. This standard establishes a new system of ratings in which the 
meaning of maximum rating is changed from "absolute maximum" to "design 
maximum." This change has been made to take into account the normal voltage 
variations of the various power-supply sources used for modern radio receivers. 
The Standard M8-210* follows: 

It shall be standard to interpret the ratings on receiving types of tubes accord- 
ing to the following conditions: 

CATHODE — The heater or filament voltage is given as a normal value unless 
otherwise stated. This means that transformers or resistances in the heater or 
filament circuit should be designed to operate the heater or filament at rated value 
for full-load operating conditions under average supply-voltage conditions. A 
reasonable amount of leeway is incorporated in the cathode design so that moderate 
fluctuations of heater or filament voltage downward will not cause marked falling 
off in response; also, moderate voltage fluctuations upward will not reduce the life 
of the cathode to an unsatisfactory degree. 

PLATE and SCREEN — In the case of plate voltage and screen voltage, how- 
ever, recommended maximum values are given. The interpretation of this maximum 
value depends on the power source, as follows: 

A-C or D-C Power Line : The maximum ratings of plate and screen voltages and 
dissipations given on the tube type data sheets are Design Maximums. For equip- 
ment designed for use in the United States on nominal power-line services of 105- 
125 volts, satisfactory performance and serviceability may be anticipated provided 
the equipment is designed so as not to exceed these Design Maximums at a line 
voltage of 117 volts. 

Automobile Storage Batteries: When a tube is used in automobile receivers and 
other equipment operated from automobile storage batteries, consideration should 
be given to the larger percentage range over which the battery voltage varies as 
compared with the power-line voltage. The average voltage value of automobile 
batteries has been established as 6.6 volts. Automobile-battery-operated equip- 
ment should be designed so that when the battery voltage is 6.6 volts, the plate 
voltage, the plate dissipation, the screen voltage, the screen dissipation, and the 
rectifier load current will not exceed 90% of the respective recommended design 
maximum values given in the data for each tube type. 

"B" Batteries: Equipment operated from "B" batteries should be designed so 
that under no condition of battery voltage will the plate voltage, the plate dissipa- 
tion, the screen voltage, and the screen dissipation ever exceed the recommended 
respective maximum values shown in the data for each type by more than 10%. 

OTHER ELECTRODES — When a tube is of the multigrid type, the voltages 
applied to the additional positive electrodes will be governed by the considerations 
stated under Plate and Screen. 

TYPICAL OPERATION — For many receiving tubes, the data show typical 
operating conditions in particular services. These typical operating values are 
given to show concisely some guiding information for the use of each type. They 
are not to be considered as ratings, because the tube can be used under any suitable 
conditions within its rating limitations. 

• Used by permission ol the Engineering Department of the Radio Manufacture™ Association 
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Key to Terminal Designations of Sockets 

Alphabetical subscripts D, P, T, and HX indicate, respectively, diode unit, pentode unit 
triode unit, and hexode unit in multi-unit types. 

Numerical subscripts are used (1) in multi-grid types to Indicate relative position of grids 
to cathode or filament, and (2) in multi-unit types to differentiate between two identical elec- 
trodes which would otherwise have the same designation. 



BP 


= Bayonet Pin 


HL 


= Tap for Panel Lamp 


S 


-Shell 


BS 


= Base Shell 


K 


= Cathode 


SI 


= lnterlead Shield 


F 


= Filament 


NC 


= No Connection 


SL 


= Base Sleeve 


FM 


= Filament Mid-Tap 


P 


= Plate (Anode) 


TA 


= Target 


G 


= Grid 


Pbf 


= Beam-Forming Plates 


U 


-Unit 


H 


»■ Heater 


RC 


■» Ray-Control Electrode 


• 


= Gas-Type Tube 



Bottom views of sockets are shown throughout this book. 



DETECTOR TRIODE 

The OO-A is a storage-battery triode of 
the gas-rilled type. Operating conditions as 
grid-leak detector: maximum plate volts of 
45, grid leak of 2 to 3 megohms, grid con- 
denser of 0.00025 /if, and grid return to (-) 
filament. Filament volts, 5; amperes, 0.25. 
For dimensions, see Fig. 2-24., OUTLINES 
SECTION. The OO-A is a discontinued 
type; it is retained for reference only. 





01 -A 



DETECTOR AMPLIFIER 
TRIODE 

The Ol-A is a storage- battery triode used 
chiefly for replacement in receivers designed 
for it. Operating conditions as grid^leak 
detector are the same as for 00-A except that 
grid return is to (+) filament; as biased de- 
tector, maximum plate volts of 135, bias of 
-13.5 volts (approx); as amplifier, maximum 
plate volts of 135, bias of -9 volts. Filament 
volts, 5; amperes, 0.25. For dimensions, see 
Fig. 2-25, OUTLINES SECTION. The Ol-A 
is a discontinued type; it is retained for ref- 
erence only. 



GAS TRIODE 

0A4-G 

The 0A4-G is an ionic-cathode, glow-dis 
charge tube. It contains a plate (anode), a 
grid (starter anode), and a cold cathode. 
These electrodes are sealed in a bulb filled 
with an inert gas or vapor at reduced pres- 
sure. In normal operation of the 0A4-G, a 
relatively small amount of electrical energy supplied to the starter-anode circuit initiates a glow 
discharge between cathode and starter-anode. This discharge produces positive ions which assist 
in initiating the main discharge between cathode and anode. The anode current which flows 
during the cathode-anode discharge actuates a relay or other device connected in the anode circuit. 
Because the discharge can be initiated with so little energy, it is practical to obtain remote control 
of line-operated electrical devices by means of an electrical impulse generated at radio frequencies 
and transmitted over the same power line. The 0A4-G may also be used as a voltage reulator 
or as a relaxation oscillator. 




CHARACTERISTICS 

Pas Anode Breakdown Voltage (Starter-anode tied to cathode) 225 min. 

_ _ „ / 70 min. 

Peak Positive Starter-Anode-Breakdown Voltage | 90 max . 

Starter-Anode Current (For transition of discharge to anode at 

140 volts peak) 100 max. 

Starter-Anode Drop 60 approx. 

Anode Drop 70 approx. 



Volts 
Volts 
Volts 

Microamperes 

Volts 

Volts 
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MAXIMUM RATINGS and TYPICAL OPERATING CONDITIONS 



Relay Service 



100 max. 
25 max. 



Milllamperes 
Milliamperes 

Volts 
Volts 
Volts 
Volts 




j=HIGH-Q TUNED CIRCUIT FOR R-F SIGNAL 
R| = 15000 OHMS ( '/2 WATT) 
R2= 10000 OHMS (l^ WATT) 

S = RELAY — CHOSEN FOR DESIGN REQUIREMENTS 
# * GAS TU8E TYPE 



TYPICAL BREAKDOWN CHARACTERISTICS 

FOR DIFFERENT ELECTRODE POLARITIES 



Peak Cathode Current 

D-C Cathode Current 

Typical Operation With A-C Supply: 

Anode-Supply VolUge (RMS) 105-130 

A-C Starter- Anode Voltage (Peak) 70 max. 

R-F Starter-Anode Voltages (Peak) 55 min. 

Sum of A-C and R-F Starter-Anodes Voltages (Peak) 110 min. 

INSTALLATION and APPLICATION 

The base of the OA4-G fits the standard octal socket which may be installed to hold the tube 
in any position. For physical characteristics of the 0A4-G, see Fig. 2-17, OUTLINES SECTION. 

As a relay tube, the 0A4-G can be op- 
erated in the circuit shown below. In 
this circuit, the starter-anode is main- 
tained at a potential just below that re- 
quired for breakdown by means of the 
bleeder RiRi. When a carrier having the 
frequency of the tuned circuit LC is im- 
pressed on the power line, a resonant 
voltage appears across L and C. The 
effect of the voltage across the condenser 
C is to increase the negative potential 
peaks on the cathode and thus to in- 
crease the potentials between cathode 
and starter-anode. These peaks start a 
discharge between cathode and starter- 
anode. This discharge produces free ions 
which enable the discharge to transfer 
to the anode if circuit values are such 
that sufficient starter-anode current 
flows. Because a.c. is supplied to the 
anode, the OA4-G ceases to discharge 
when the carrier is removed. 

If the 0A4-G is to be operated from a 
d-c power line, it will be necessary to 
provide means for reducing the anode 
voltage to a value under 60 volts (ex- 
tinction voltage). This can be done 
conveniently by opening the anode circuit- 
Most of the voltage on the starter- 
anode required to 'cause breakdown is 
supplied by the bleeder circuit. As a result, 
the tuned circuit is required to supply 
only the difference between breakdown 
voltage and applied a-c voltage. Provi- 
sion should be made, therefore, to supply 
an r-f starter-anode voltage having a 
minimum peak value of 55 volts. 

Typical breakdown characteristics of 
the 0A4-G are shown for conditions where 
the starter-anode and anode are either 
positive or negative, respectively. The 
tube is designed to be operated so that 
the discharge takes place when the 
starter-anode and anode are both posi- 
tive (first quadrant). Breakdown between 
cathode and starter-anode occurs when 
the starter-anode voltage reaches 85 volts 
approximately. This discharge initiates 
a discharge between cathode and anode, 
provided the anode potential is ade- 
quate. The required anode potential is 
a function of the current flowing to the 
starter-anode circuit. In practice, it is 
desirable to have a current of at least 
200 microamperes flowing to the starter- 
anode. 




- ANODE VOLTS (D-C OR INSTANTANEOUS A-C) 

92C-4899 
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^©^aTl\ FULL-WAVE 
/3 9 .k GAS RECTIFIERS 

sO"""® The 024 and 0Z4-G are full-wave, r\-f A 

key^" gas-filled rectifiers of the cold-cathode (J / A 

ar type. They are used principally for ^ 

Type 0Z4 renewal in vibrator-type B-supply 
units. The bases of these types fit the 

pdi standard octal socket which may be. 

E) installed to hold the tubes in any < 

> > D2s^/ r 7\ position. For physical characteristics 

J. \ 0 f the 0Z4 and 0Z4-G, see Figs. 1-2 V/*-*+ w 
and 2-3, respectively, in the, OUT- 

, LINES SECTION. The shell of the 

NC 0Z4 and the external shield required 

nc^J " for the 0Z4-G should be grounded. 

REV The use of filters may be necessary 

6-4 R to eliminate objectionable noise. 

Type 0Z4-G 

MAXIMUM RATINGS 

Starting-Supply Voltage per Plate 300 min. Peak Volts 

Peak Plate-to-Plate Voltage 1000 max. Volts 

Peak Plate Current 200 max. Milliamperes 

D-C OUTPUT CURRENT.... { g ^ gjfigS 

D-C Output Voltage 300 max. Volts 

Average Dynamic Tube Voltage Drop 24 Volts 

SUPER-CONTROL R-F 

AMPLIFIER PENTODE 

The 1A4-P is a super-control pentode 1 _ P 

J/*- ^1^g 3 °^ the 2-volt filament type for battery- 1 / * 

F * f- operated receivers. Its rating, char- 

... acteristics, and application are the 

same as for the Type 1D5-GP, except 
that the interelectrode capacitances are as shown below. Filament operation is 
discussed under Type 1C7-G. The base of the 1A4-P fits the standard four- 
contact socket which should be installed to hold the tube preferably in a vertical 
position, but horizontal operation is permissible if pins 1 and 4 are in a vertical 
plane. For physical characteristics of the 1A4-P, refer to Fig. 2-16, OUTLINES 
SECTION. 

Grid-Plate Capacitance (With shield-can) 0.007 max. ntf 

Input Capacitance 5 nfif 

Output Capacitance 11 mti 

POWER AMPLIFIER 
PENTODE 

r+v^Ar\A^-A 7 J f- The 1A5-G is a power-amplifier pen- "\ ~ 
, e , ° 3 tode of the 1.4-volt filament type for 
NC "«E»%c use in the output stage of battery- 

G . 6X operated receivers. The filament is 

designed for operation directly across 
a l.R-volt dry cell. Operation of the filament is discussed under Type 1A7-G. 
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★ CHARACTERISTICS 

Filament Voltage (D.C.). 1-4 Volts 

Filament Current 0.05 Ampere 

Plate Voltage 85 90 max. Volts 

Screen Voltage (Grid No. 2) 85 90 max. Volts 

Grid Voltage (Grid No. 1) -4.5 -4.5 Volts 

Plate Current 3.5 4.0 Milhamperes 

Screen Current 0.7 0.8 Milliamperes 

Plate Resistance (Approx.) 0.3 0.3 Megohm 

Transconductance 800 850 Micromhos 

Load Resistance 25000 25000 Ohms 

Cathode Resistor 1000 940 Ohms 

Power Output (10% total harmonic 

distortion) 100 115 Milliwatts 

INSTALLATION and APPLICATION 

The base fits the standard octal socket which may be installed to hold the 
tube in any position. For physical characteristics of the 1A5-G, refer to Fig. 2-13, 
OUTLINES SECTION. 

For the power-amplifier stage of radio receivers, the 1A5-G may be used 
either singly or in push-pull combination. Transformer- or impedance-coupling 
devices are recommended. Cathode biasing of the 1A5-G is to be preferred so 
that the grid bias will be proportionately less as the B-battery voltage falls off 
during battery life. 



PENTAGRID CONVERTER %~t£> 

The 1A6 is a multi-electrode type Aki. fy 54 

of vacuum tube designed to perform ---S|-4?) G:j 
*I A Z simultaneously the function of a mixer M .zzz-i M ° 5 

| /\0 tu be and of an oscillator tube in super- 

heterodyne circuits. Its electrical 0j"T«) 
characteristics are identical with those F * f- 
of the 1D7-G. except that the interelec- 6L 
trode capacitances are as shown below. 
Filament operation is discussed under Type 1C7-G. For general discussion of 
pentagrid types, see Frequency Conversion in RADIO TUBE APPLICATION 
section. A typical pentagrid converter circuit for the 1A6 is shown under Type 
1A7-G. The base of the 1A6 fits the standard six-contact socket which should be 
installed to hold the tube preferably in a vertical position, but horizontal opera- 
tion is Dermissible if pins 1 and 6 are in a vertical plane. Physical characteristics 
of the 1A6 are shown in Fig. 2-16, OUTLINES SECTION. 

Direct Interelectrode Capacitances (Approx.): 

Grid No. 4 to Plate (With shield-can) 0.25 M 

Grid No. 4 to Grid No. 2 (With shield-can) 0.2 «if 

Grid No. 4 to Grid No. 1 (With shield-can) 0.1 w»f 

Grid No. 1 to Grid No. 2 0.8 w f 

Grid No. 4 to All Other Electrodes (R-F Input) . . . 10.5 pui 

Grid No. 2 to All Other Electrodes (Osc. Output) . . 6 M /*f 

Grid No. 1 to All Other Electrodes (Osc. Input) ... 5 mil 

Plate to All Other Electrodes (Mixer Output) 9 mmi 

_ A _ ^ PENTAGRID CONVERTERS cl g^% 4 

I A/ - \J The 1A7-G and 1A7-GT are multi- "(Tv^^Tjw 2 

electrode tubes of the 1.4- volt filament M Li::rr/p 

type. Each type is intended for use (7V.""a"Va^) 

1. _ — as a combined mixer and oscillator in r + >i^< " 

A / _ f — I battery-operated receivers. Through GT r ® 

~ I the use of either type, the independent nc key nc 

control of each of these functions is made g-7z 
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possible within a single tube. A general discussion of pentagrid converters is given 
under Frequency Conversion in the section on RADIO TUBE APPLICATIONS. 

* CHARACTERISTICS 

Filament Voltage (D.C) 1.4 Volts 

Filament Current 0.05 Ampere 

Direct Interelectrode Capacitances: 

Type 1A7-G Type 1A7-GT 

Grid No. 4 to Plate 0.30* 0.4* mil 

Grid No. 4 to Grid No. 2 0.26* 0.25* «if 

Grid No. 4 to Grid No. 1 0.12* 0.12* M /xf 

Grid No. 1 to Grid No. 2 0.90* 1.5 «/f 

Grid No 4 to All Other Electrodes 

(R-F Input) 6.5* 7.5 «xf 

Grid No. 2 to All Other Electrodes 

Except Grid No. 1 (Osc. Output) .... 4.6* 4.0 «J 
Grid No. 1 to All Other Electrodes 

Except Grid No. 2 (Osc. Input) 4.0* 3.2 ««f 

Plate to All Other Electrodes 

(Mixer Output) 11* 10 «if 

* With close-fitting shield connected to negative filament terminal. 

Converter Service 

Plate Voltage 90 max. Volts 

Screen Voltage (Grids No. 3 and No. 5) 55 max. Volts 

Screen Supply Voltage 90 max. Volts 

Anode-Grid Voltage (Grid No. 2) 90 max. Volts 

Total Cathode Current 3 max. Milliamperes 

Typical Operation: 

Plate Voltage 90 Volts 

Screen Voltage 45** Volts 

Anode-Grid Voltage 90 Volts 

Control-Grid Voltage (Grid No. 4) 0 Volts 

Oscillator-Grid (Gnd No. 1) Resistor 200000 Ohms 

Plate Current 0.55 Milliampere 

Screen Current 0.6 Milliampere 

Anode-Grid Current 1.2 Milliamperes 

Oscillator-Grid Current 0.035 Milliampere 

Total Cathode Current 2.4 Milliamperes 

Plate Resistance 0.6 Megohm 

Conversion Transconductance 250 Micromhos 

Conversion Transconductance (Approx.) with 

Control-Grid Volts = -3 5 Micromhos 

The transconductance of the oscillator portion of the 1A7-G and 1A7-GT is 600 micromhos 
under the following conditions: plate voltage, 90 volts; screen voltage, 45 volts; control-grid 
voltage, 0 volts; anode-grid voltage, 90 volts; and oscillator-grid voltage, 0 volts. 

** Obtained preferably by using a properly by-passed 70000-ohm voltage-dropping resistor 
in series with a 90-volt supply. 

INSTALLATION and APPLICATION 

The base of either the 1A7-G or the 1A7-GT fits the standard octal socket 
which may be mounted to hold the tube in any position. Physical characteristics 
of the 1A7-G and the 1A7-GT are shown in Figs. 2-11 and 2-6, respectively, in the 
OUTLINES SECTION. Complete shielding of the 1A7-G and 1A7-GT is generally 
necessary to prevent intercoupling between its circuit and those of other stages. 

The filament of either the 1A7-G or the 1A7-GT may be connected directly 
across a 1.5-volt dry cell. Series operation of the filament with the filaments of 
other 1.4-volt battery types is permissible provided shunt resistors are employed 
across certain filaments to carry the plate current returning from other tubes 
through these filaments. The shunt resistors should be adjusted to maintain the 
filament voltage of each tube at its rated value of 1.4 volts under operating condi- 
tions. It is obvious that the shunt resistor can also be used to adjust for a differ- 
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ence in filament-current ratings. Series-parallel operation of 1.4-volt types is not 
recommended because failure of one tube may cause excessive voltage across other 
tubes. 

As a frequency-converter in superheterodyne circuits, either the 1A7-G or 
the 1A7-GT can supply the local oscillator frequency and at the same time mix it 
with the r-f input frequency to provide the desired intermediate frequency. It is 
important to note that the anode-grid voltage and the plate voltage must each 
be higher than the screen voltage. Conventional oscillator coils may be used 
because these tubes are not critical for frequencies up to 15 mega-cycles. The size 
of the oscillator-grid resistor is not critical but requires design adjustment, depend- 
ing on the values of the anode-grid voltage and of the screen voltage. The circuit 
should be adjusted so that the cathode current is approximately 2.4 milliamperes. 
A resistance of at least one megohm should be in the control-grid return to the 
negative filament. 

Since the capacitance between grid No. 4 and plate is in a parallel path with 
the capacitance and inductance of the plate load, it is important to use a load 
capacitance of sufficient size to limit the magnitude of the, r-f voltage built up across 
the load. If this is not done, r-f voltage feed-back will occur between plate and grid 
No. 4 to produce degenerative effects. For this reason, the size of the load condenser 
in the plate circuit should be not less than 50 md. A typical converter circuit which 
provides exceptionally uniform oscillator output over the entire grid-bias range 
is shown below. 



OPERATION CHARACTERISTICS 



TYPICAL PENTAGR1D CONVERTER CIRCUIT 
FOR FILAMENT-TYPE TUBES 




C = 0.1 nf 

z}ganged variable condensers 

cf = PADDING CONDENSER 

C4= GRID CONDENSER OF 200 UUf 

Li = OSCILLATOR GRID INDUCTANCE \ rri 

L2= OSCILLATOR PLATE INDUCTANCE? 

M = MUTUAL INDUCTANCE OF Li AND L? 

R,= OSCILLATOR GRID LEAK 



TYPE IA7-GT E f = 1.4 VOLTS D.C. 
PLATE VOLTS =90 

GRIDS Ne3 & NsS(SCRCEN)V0LTS=45* 
GRID N°d(CONTROL GRID ) VOLTS = 0 
GRID N22 (ANODE GRID ) VOLTS - 90 
GRID N2l(OSCILLATOR GRID) 

RESISTOR - OHMS =200000' 
"OBTAINED THROUGH 7O0O0-OHM 
DROPPING RESISTOR FROM 

90-VOLT SUPPLY 



.06 

OSCILLATOR-GRID MILL I AM PERES 
92C-609I 



B4-P 



R-F AMPLIFIER PENTODE 

The 1B4-P is a pentode of the fila- 
ment type. It is used primarily as a 
radio-frequency amplifier or detector 
in battery-operated receivers. The 
standard four-pin socket for the 1B4-P 
should be mounted to hold the tube pref- 
erably in a vertical position. Horizontal 
operation is permissible if pins 1 and 4 are in a vertical plane. Filament operation 
is discussed under Type 1C7-G. Physical characteristics of the 1B4-P are shown 
in Fig. 2-16, OUTLINES SECTION. For characteristics, refer to Type 1E5-GP. 

PD2 PD| 




1B5/25S 



DUPLEX-DIODE TRIODE 

The 1B5//25S is a filament type of 
tube containing two diodes and a 
triode in a single bulb. It is used as 
a combined detector, amplifier, and 
automatic-volume-control tube in bat- 
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tery-operated receivers. The standard six-contact socket for the 1B5/25S should 
be mounted to hold the tube preferably in a vertical position. Horizontal operation 
is permissible if pins 1 and 4 are in a vertical plane. Filament operation is dis- 
cussed under Type 1C7-G. Physical characteristics of the 1B5/25S are shown 
in Fig. 2-19, OUTLINES SECTION. For characteristics, see Type 1H6-G. 




G-6X 



POWER AMPLIFIER 

PENTODE 

The 1C5-G is a power-amplifier 
pentode of the 1.4-volt filament type 
for use in battery-operated receivers 
in which economy of filament current 
is important. 



1C5-G 



★ CHARACTERISTICS 

Filament Voltage (D.C.) 1.4 Volts 

Filament Current 0.1 Ampere 

Plate Voltage 83 90 max. Volts 

Screen Voltage (Grid No. 2) '. . . 83 90 max. Volts 

Grid Voltage (Grid No. 1) -7 -7.5 Volts 

Plate Current 7 7.5 Milliamperes 

Screen Current 1.6 1.6 Milliamperes 

Plate Resistance (Approx.) 110000 115000 Ohms 

Transconductance 1500 1550 Micromhos 

Load Resistance 9000 8000 Ohms 

Cathode Resistor 920 825 Ohms 

Power Output* 200 240 Milliwatts 

* 10% total harmonic distortion. 



INSTALLATION and APPLICATION 

The base of the 1C5-G fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 1C5-G are shown 
in Fig. 2-13, OUTLINES SECTION. The filament of the 1C5-G is designed so 
that it may be operated directly from a 1.5-volt dry battery. For further dis- 
cussion of filament operation, see Type 1A7-G. Application of the 1C5-G is the 
same as for the Type 1F5-G. 



AVERAGE PLATE CHARACTERISTICS 




PLATE VOLTS 
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PENTAGRID CONVERTER %~4L» 

The 1C6 is a multi-electrode vacuum r -V\---^Ly^ 03 

1^* / tube of the 2-volt filament type de- P @T l :::Ej~7^ G5 

\JQ signed to perform simultaneously the \ a J 

functions of mixer and oscillator in frzL-^rfs. 
superheterodyne circuits. For general w 
discussion of pentagrid types, see Fre- 
quency Conversion m RADIO TUBE 6L 
APPLICATIONS section. The electrical characteristics of the 1C6 and its applica- 
tions are identical with those of Type 1C7-G, except for capacitances which are 
shown below. For installation, see Type 1A6. Physical characteristics of the 
1C6 are shown in Fig. 2-16, OUTLINES SECTION. 

Direct Interelectrode Capacitances (Approx.): 

Grid No. 4 to Plate 0.3* mi 

Grid No. 4 to Grid No. 2 < 0.3* mi 

Grid No. 4 to Grid No. 1 0.15* mi 

Grid No. 1 to Grid. No. 2 1.5 mi 

Grid No. 4 to All Other Electrodes (R F Input) ... 10 mi 

Grid No. 2 to All Other Electrodes (Osc. Output) . . 6 mi 

Grid No. 1 to All Other Electrodes (Osc. Input) ... 6 mi 

Plate to All Other Electrodes (Mixer Output) 10 mi 

* With shield-can connected to (-) filament. 

G 3 C, 

PENTAGRID CONVERTER 

The 1C7-G is a multi-electrode type ^G:SEr/p 
| f / fl of vacuum tube designed to perform ^4 zzzzri-. 
I Vrf/ ~ \J the functions of both mixer and oscil- r^i/s^A^^Dr- 
lator in superheterodyne circuits. This (iT^T*) 
tube is designed for use in battery- nc KEV nc 

operated receivers. It is especially use- G _ 7Z 
ful in multi-range receivers which are 
often designed to cover frequencies as high as 20 megacycles. For general discussion 
of pentagrid types, see Frequency Conversion in RADIO TUBE APPLICATIONS 
section. 

★ CHARACTERISTICS 

Filament Voltage (D.C.) 2.0 Volts 

Filament Current 0.120 Ampere 

Direct Interelectrode Capacitances (Approx.):* . 

Grid No. 4 to Plate 0.26 mi 

Grid No. 4 to Grid No. 2 0.32 mi 

Grid No. 4 to Grid No. 1 0.11 mi 

Grid No 1 to Grid No. 2 1.2 mi 

Grid No. 4 to All Other Electrodes (R-F Input) ... 10 mi 
Grid No. 2 to All Other Electrodes Except Grid 

No. 1 (Osc. Output) 5.5 mi 

Grid No. 1 to All Other Electrodes Except Grid 

No. 2 (Osc. Input) 4.8 mi 

Plate to All Other Electrodes (Mixer Output) 14 mi 

* With shield-can connected to (-) filament. 

Converter Service 

Plate Voltage 180 max. Volts 

Screen Voltage (Grids No. 3 and 5) 67.5 max. Volts 

Screen Voltage Supply 180 max. Volts 

Anode-Grid Voltage (Grid No. 2) 135 max. Volts 

Anode-Grid Voltage Supply* 180 max. Volts 

Control-Grid Voltage (Grid No. 4) 0 min. Volts 

* Applied through 20000-ohm dropping resistor, by-passed by 0.1 id condenser. 
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Plate Dissipation 0.3 max. Watt 

Screen Dissipation 0.2 max Watt 

Anode-Grid Dissipation 0.4 max. Watt 

Total Cathode Current 9 max Milliamperea 

Typical Operation: 

Plate Voltage 136 180 Volte 

Screen Voltage 67.5 67.5 Volt* 

Anode-Grid Voltage Supply 135* 180* Volte 

Control-Grid Voltage -3 -3 Volte 

Oscillator-Grid Resistor (Grid No. 1) . . . 50000 50000 Ohms 

Plate Current 1.3 1.5 Milliamperes 

Screen Current 2.5 2 Milliamperes 

Anode-Grid Current 3.1 4 Milliamperes 

Oscillator-Grid Current 0.2 0.2 Milliamperes 

Total Cathode Current 7.1 7.7 Milliamperes 

Plate Resistance (Approx.) 0.6 0.7 Megohm 

Conversion Transconductance 300 325 Micromhos 

Conversion Transconductance (At -14 ' 

volts on Grid No. 4) (Approx.) 4 4 Micromhos 

The transconductance of the oscillator portion (not oscillating) of the 1C7-G is 1000 micro- 
mhos under the following conditions: Plate voltage, 135 to 180 volts; screen voltage, 67.5 volts; 
anode-grid voltage (no voltage-dropping resistor), 135 volts: and zero oscillator grid volts Under 
these same conditions, the anode-grid current is 4.9 milliamperes 

* Applied through 20000-ohm dropping resistor, by-passed by 0. 1 uf condenser 

INSTALLATION and APPLICATION 

The base of the 1C7-G requires the use of the standard octal socket which 
may be installed to hold the tube preferably in a vertical position. Horizontal 
operation is permissible with pins 2 and 7 in a vertical plane. For physical char- 
acteristics of the 1C7-G, see Fig. 2-15, OUTLINES SECTION. 

The coated filament of the 1C7-G may be operated conveniently from dry-cells, 
from a single lead storage-cell, or from an air-cell battery. For dry-cell operation, 
a filament rheostat may be used together with a permanently installed voltmeter to 
insure the proper filament voltage. For operation from a 2-volt lead storage-cell, 
the 1C7-G requires no filament resistor. Operation from an air-cell battery requires 
a fixed resistor in the filament circuit. This resistor should have a value such that 
with a new air-cell battery, the voltage applied across the filament terminals will 
not initially exceed 2.15 volts. 

Series operation of the filament of the 1C7-G with those of other two-volt 
battery types is permissible provided certain precautions are observed. It is 
essential that shunt resistors be employed across certain filaments to carry the plate 
current returning from other tubes through these filaments. The shunt resistors 
should be adjusted to maintain the filament voltage of each tube at its rated value 
of 2.0 volts under operating conditions. It is obvious that the shunt resistor can 
also be used to adjust for a difference in filament current ratings. Series-parallel 
operation of two-volt types is not recommended because failure of one tube may 
cause excessive voltage across other tubes. Socket terminal No. 1 (see socket con- 
nections) should be connected to the positive battery terminal. 

Complete shielding of the 1C7-G is generally necessary to prevent intercoupling 
between its circuit and those of other stages. A typical converter circuit is shown 
under 1A7-G. 

As a frequency converter in superheterodyne circuits, the 1C7-G can be oper- 
ated in the same way as the 1A7-G. Final adjustment of the 1C7-G circuit should 
be such that the cathode current is as shown under Typical Operation. 

This tube, which is similar to the 1D7-G although not directly interchangeable 
with it, requires twice the filament current of the latter, but offers the feature of 
an extended operating range at the higher frequencies. This feature is of particular 
value in the design of multi-range receivers, since the oscillator section of the 1C7-G 
has sufficient transconductance to function at frequencies as high as 25 megacycles. 
In order to cover this same range of operation, the 1D7-G requires the use of a 
triode connected in parallel with the oscillator section for frequencies above 10 
megacycles. 

— 53 — 



RCA RECEIVING TUBE MANUAL 



The maximum conversion transconductance is obtained with an oscillator-grid 
current of slightly less than 0.2 milliampere. The size, inductance, and coupling of 
the oscillator-grid and plate coils will determine this value. The coupling of these 
coils should be adjusted to make the oscillator-grid current the proper value (approx- 
imately 0.2 milliampere) when a grid condenser of 250 nni and a grid leak of 50000 
ohms are used. For details of oscillator-coil assemblies, refer to Type 6A8. 



1D5-GP 



SUPER-CONTROL R-F 

AMPLIFIER PENTODE 

The 1D5-GP is a super-control pen- 
tode of the filament type designed for 
use as a radio-frequency^ or intermed- 
iate-frequency amplifier in battery-op- 
erated receivers. ' 




G-5Y 



CHARACTERISTICS 







2.0 


Volts 






0.060 


Ampere 


Plate Voltage 


90 


180 max. 


Volts 


Screen Voltage (Grid No. 2) , 


. 67.5 


67.5 max. 


Volts 


Grid Voltage (Grid No. 1) 


-3 min. 


-3 min. 


Volts 


Plate Current 


2.2 


2.3 


Milliamperes 


Screen Current 


0.9 


0.8 


Milliampere 


Plate Resistance (Approx.) 


0.6 


1.0 


Megohm 


Transconductance 


720 


750 


Micromhos 


Transconductance (At -15 volts bias) . . . 


15 


15 


Micromhos 



INSTALLATION and APPLICATION 

The base of the 1D5-GP fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position. Horizontal operation is permiss- 
ible if pins 2 and 7 are in a vertical plane. Physical characteristics of the 1D5-GP 
are shown in Fig. 2 15, OUTLINES SECTION. Filament operation is discussed 
under Type 1C7-G. Screen voltage may be obtained in the same way as for Type 
1E5-GP. 

As an r-f or 1-f amplifier, the 1D5-GP is applicable in receivers designed for it. 
Stage shielding enclosing the components of each stage is, in general, necessary 
for multi-stage amplifier circuits. 

Volume control of the receiver is accomplished effectively by variation of the 
negative voltage applied to the grid. In order to obtain adequate volume control, 
an available grid-bias voltage of approximately -15 volts will be required. The 
exact value will depend upon the circuit design and operating conditions. This 
voltage may be obtained from a potentiometer, a bleeder circuit, or a separate 
source, depending on reciver requirements. 

Owing to the fact that the super-control feature of the 1D5-GP requires a 
comparatively large grid-bias change, the screen and plate voltage may vary con- 
siderably for various volume settings, depending on receiver design. It is recom- 
mended, therefore, that design features be incorporated in the receiver so that the 
screen voltage will not exceed 67 5 volts under conditions of minimum grid bias 
and maximum plate current. With a design arrangement of this kind, the screen 
voltage at decreased values of plate current may reach a value higher than 67.5 
volts but should not exceed 100 volts. It should be recognized that under the 
condition of screen voltage above 67.5 volts at low plate current, an increase in the 
grid-bias voltage supply must be provided for adequate volume control. 
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S~ «• PENTAGRID CONVERTER 

The 1D7-G is a multi-electrode 
vacuum tube designed to perform the _ _ 
functions of both mixer and oscillator | [) / fjL 
A ^TVA- in superheterodyne circuits which use I L// ~ v7 
battery power supply. For general 
nc -'rey~ nc discussion of pentagrid types, refer 
fi _ 77 to Frequency Conversion in RADIO 

TUBE APPLICATIONS section. 

CHARACTERISTICS 

Filament Voltage (D.C.) 2.0 Volts 

Filament Current 0.060 Ampere 

Direct Interelectrode Capacitances (Approx.): 

Grid No. 4 to Plate (With shield-can) 0.25 ntf 

Grid No. 4 to All Other Electrodes (R-F Input) . . ! 13 w»f 

Plate to All Other Electrodes (Mixer Output) 14 n4 

Converter Service 

Plate Voltage 180 max. Volts 

Screen Voltage (Grids No. 3 and 5) 67.5 max. Volts 

Anode-Grid Voltage (Grid No. 2) 135 max. Volts 

Anode-Grid Voltage Supply* 180 max. Volts 

Control-Grid Voltage (Grid No. 4) -3 min. Volts 

Total Cathode Current 9 max. Milliamperes 

Typical Operation: 

Plate Voltage 135 180 Volts 

Screen Voltage 67.5 67.5 Volts 

Anode-Grid Voltage 135 135 Volts 

Anode-Grid Voltage Supply 135 180* Volts 

Control-Grid Voltage -3 -3 Volts 

Oscillator-Grid Resistor (Grid No. 1) 50000 50000 Ohms 

Plate Current 1.2 1.3 Milliamperes 

Screen Current 2.5 2.4 Milliamperes 

Anode-Grid Current 2.3 2.3 Milliamperes 

Oscillator-Grid Current 0.2 0.2 Milliampere 

Total Cathode Current 6.2 6.2 Milliamperes 

Plate Resistance 0.4 0.5 Megohm 

Conversion Transconductance 275 300 Micromhos 

Conversion Transconductance (At -22.5 

volts on Grid No. 4) . . , 4 4 Micromhos 

The transconductance of the oscillator portion (not oscillating) of the 1D7-G is 425 micromhos 
under the following conditions: Plate voltage, 135 to 180 volts; screen voltage, 67.5 volts; anode- 
grid voltage (no voltage-dropping resistor), 135 volts; and zero oscillator grid volts. Under these 
same conditions the anode-grid current is 2.3 milliamperes. 

* Applied through 20000-ohm dropping resistor, by-passed by 0.1 /if condenser. 

INSTALLATION and APPLICATION 

The base of the 1D7-G fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position. Horizontal operation is permis- 
sible if pins 2 and 7 are in a vertical plane. Physical characteristics of the 1D7-G 
are shown in Fig. 2-15, OUTLINES SECTION. Filament operation is discussed 
under Type 1C7-G. Complete shielding of the 1D7-G is generally necessary to 
prevent intercoupling between its circuits and those of other stages. 

As a frequency converter in superheterodyne circuits, the 1D7-G can supply 
the local oscillator frequency and at the same time mix it with the radio-input 
frequency to provide the desired intermediate frequency. For this service, design 
information is given under CHARACTERISTICS. It is important to note that 
the anode-grid voltage and the plate voltage must each be higher than the screen 
voltage. 

For the oscillator circuit, the coils may be constructed according to conven- 
tional design, since the tube is not particularly critical for frequencies up to 10 
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megacycles. For higher frequencies the 1C7-G should be used. However, it 
should be noted that the 1C7-G requires additional filament current. The voltage 
applied to the anode-grid (No. 2) of the 1D7-G should not exceed the maximum 
value of 135 volts, but should always be higher than the screen (grids No. 3 and 
No. 5) voltage. The anode-grid voltage may be obtained from a suitable tap on 
the B battery or from the plate-supply tap through a voltage-dropping resistor of 
20000 ohms shunted by a by-pass condenser of 0.1 id. The size of the resistor in 
the grid circuit of the oscillator is not critical but requires design adjustment, 
depending upon the values of the anode-grid voltage and of the screen voltage. 
Adjustment of the circuit should be such that the cathode current is. approximately 
6 milliamperes. Under no condition of adjustment should the cathode current exceed 
the recommended maximum value of 9 milliamperes. 

The bias voltage applied to grid No. 4 can be varied over relatively wide limits 
to control the translation gain of the tube. For example, with 67.5 volts on the 
screen (grids No. 3 and No. 5), the bias voltage may be varied from -3 to plate 
current cut-off (approximately -25 volts). With lower screen voltages, the cut-off 
point is proportionately less. The extended cut-off feature of the 1D7-G in com- 
bination with the similar characteristics of super-control tubes can be utilized 
advantageously to adjust receiver sensitivity. 

Since the capacitance between grid No. 4 and plate is in a parallel path with the 
capacitance and inductance of the plate load, it is important to use a load capacitance 
of sufficient size to limit the magnitude of the r-f voltage built up across the load. 
If this is not done, r-f voltage feed-back will occur between plate and grid No. 4 to 
produce degenerative effects. For this reason, the size of the load condenser in 
the plate circuit should be not less than 50 wtf. 

Converter circuits employing the 1D7-G may easily be designed to have a 
translation gain of approximately 40. A typical circuit which provides exception- 
ally uniform oscillator output over the entire grid-bias range is shown under 
Type 1A7-G. 

DIODE-TRIODE j^v?!f 
POWER AMPLIFIER PENTODE Pp ^§hP p ' 

1D8-GT The 1D8-GT is a multi-unit tube r *\iJ^yi^y\ZJcZ, 
having a 1.4-volt filament for use in (o^Te) 
compact battery-operated receivers nc ^-4ey v -^ p d 
designed for it. This tube combines g-8aj 
in a single bulb three units — a diode 

for use as detector and avc, a triode for use as the first audio amplifier, and a power 

output pentode. 

★ CHARACTERISTICS 

Filament Voltage (D.C.) 1.4 Volts 

Filament Current 0.1 Ampere 

Pentode Unit as Class A, Amplifier 

Plate Voltage 45 67.5 90 max. Volts 

Screen Voltage (Grid No. 2) 45 67.5 90 max. Volts 

Grid Voltage (Grid No. 1) -4.5 -6 -9 Volts 

Plate Current 1.6 3.8 5 Milliamperes 

Screen Current 0.3 0.8 1.0 Milliamperes 

Plate Resistance ; 0.3 0.2 0.2 Megohm 

Transconductance . . . . ; 650 875 925 Micromhos 

Load Resistance 20000 16000 12000 Ohms 

Total Distortion 10 10 10 Percent 

Power Output 35 100 200 Milliwatts 

Triode Unit as Class A, Amplifier 

Plate Voltage 45 67.5 90 max. Volts 

Grid Voltage 0 0 0 Volts 
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0.3 


0.6 


1.1 


Milliamperes 


Amplification Factor 


25 


25 


25 


Plate Resistance 


77000 


55500 


43500 


Ohms 


Transconductance 


325 


450 


575 


Micromhos 



Diode Unit 

The diode plate is located at the negative end of the filament, and is independ- 
ent of the triode and pentode units except for the common filament. 



INSTALLATION and APPLICATION 

The bue fits the standard octal socket which may be installed to hold the 
tube in any position. Physical characteristics of the 1D8-GT are shown in Fig. 2-5, 
OUTLINES SECTION. Filament operation is discussed under Type 1A7-G. 

The diode may be used in conventional circuits as a detector and to supply 
avc voltage to r-f, i-f, and mixer stages. The diode 1 should not be used for bias 
supply due to the probability of triode plate-current cut-off and to the fact that 
a varying bias would be applied to the pentode unit. 

Resistance or transformer coupling may be employed between the triode and 
pentode. 

5 >°< R-F AMPLIFIER PENTODE 

The 1E5-GP is a pentode of the 2.0- /"* D 

rtl!A-vA/^ 7 Jr- v0,t filament type for use in battery- I CO" \Jl 
C3 operated receivers as a radio-frequency 
nc^-keyMic amplifier or as a detector. 

G-5Y 

CHARACTERISTICS 

Filament Voltage (D.C.) 2.0 Volts 

Filament Current 0.060 Ampere 

Plate Voltage 90 180 max. Volte 

Screen Voltage (Grid No. 2) 67.5 max. 67.5 max. Volts 

Grid Voltage (Grid No. 1) -3 -3 Volts 

Plate Current 1.6 1.7 Milliamperes 

Screen Current 0.7 0.6 Milliampere 

Plate Resistance ] 1.5 Megohms 

Transconductance 600 650 Micromhos 

Gril Voltage* (Approx.) ~S S Volts 

Grid-Plate Capacitance (With shield-can) 0.007 max. wif 

Input Capacitance 5 «»f 

Output Capacitance 11 MJ1 f 

• For plate current cut-off. 




INSTALLATION and APPLICATION 

The base of the 1E5-GP fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position. Horizontal operation is permis- 
sible if pins 2 and 7 are in a vertical plane. Physical characteristics of the 1E5-GP 
are given in Fig. 2-15 OUTLINES SECTION. . Filament operation is discussed 
under Type 1C7-G. 

The screen voltage may be obtained from a tap on the B-supply battery or 
from a bleeder circuit across the battery, as a whole or in part. Due to the screen 
current characteristics of the 1E5-GP, a resistor in series with the B-supply may 
be employed, if desired, for obtaining the screen voltage, provided the maximum 
voltage between screen and filament does not exceed 100 volts under conditions of 
reduced plate current 
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TWIN-PENTODE ftp, 
POWER AMPLIFIER "2 ( ^^%a)"'' 

1r--7 /-* The 1E7-G is a multi-electrode (LJ-^EEvV) 

P / _ vacuum tube containing two power- A^AUh) r- 

amplifier pentodes in one envelope. r+'w^=F4g/W g 3 

This construction permits the use of OX""® 

one tube in the final, push-pull stage nc g 2 

of battery-operated receivers. g-sc 

★ CHARACTERISTICS 

Filament Voltage (D.C.) 2.0 Volts 

Filament Current 0.24 Ampere 

Average Characteristics of Single Unit: • 

Plate Voltage 135 Volts 

Screen Voltage (Grid No. 2) 135 Volts 

Grid Voltage (Grid No. 1) -4.5 Volts 

Plate Current 7.5 Milliamperes 

Screen Current 2.2 Milliamperes 

Plate Resistance (Approx.) 0.26 Megohm 

Transconductance 1425 Micromhos 

As Push-Pull Class A, Amplifier 

Valuei arc for two unitt 

Plate Voltage 135 max. Volts 

Screen Voltage 135 max. Volts 

Grid Voltage* -7.5 Volts 

Peak A-F Grid-to-Grid Voltage 1.5 Volts 

Zero-Signal Plate Current (Approx.) 7 Milliamperes 

Max.-Signal Plate Current (Approx.) 10.5 Milliamperes 

Zero-Signal Screen Current (Approx.) 2 Milliamperes 

Max.-Signal Screen Current (Approx.) 3.5 Milliamperes 

Load Resistance (Plate-to-Plate) 24000 Ohms 

Total Harmonic Distortion 5.5 Per cent 

Third Harmonic Distortion 4.5 Per cent 

Max.-Signal Power OuTPurf 0.575 Watt 

t A power output of 1.0 watt with 10% total distortion can be obtained in class A> operation 
with a peak a-f grid-to-grid voltage of 21 volts. 

* The d-c resistance in the grid circuit should not exceed 1 .0 megohm with cathode bias, 
or 0.5 megohm with fixed bias. 

INSTALLATION and APPLICATION 
The base of the 1E7-G fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position. Horizontal operation is permis- 
sible if pins 2 and 7 are in a vertical plane. Physical characteristics of the 1E7-G 
are shown in Fig. 2-17, OUTLINES SECTION. Filament operation is discussed 
under Type 1C7-G. The two units of the 1E7-G are used in the same manner as 
two separate tubes in conventional push-pull, audio-frequency amplifier circuits. 

POWER AMPLIFIER PENTODE 

The 1F4 is a power-amplifier pen- , 
tode of the 2-volt filament type for use p qV :: \ A ) G2 
11-^ in the output stage of battery-oper- 1 — 

I I *r ated receivers. Its electrical charac- 

teristics are the same as those of the 
Type 1F5-G. The base of the 1F4 fits F ^ 
the standard five-contact socket which 5K 
should be installed to hold the tube 
preferably in a vertical position with the base down. Horizontal operation is per- 
missible if pins 1 and 5 are in a vertical plane. Physical characteristics of the 1F4 
are shown in Fig. 2-25, OUTLINES SECTION. Filament operation is discussed 
under Type 1C7-G. Application is the same as for Type 1F5-G. 
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e *Q_0 G ' POWER AMPLIFIER PENTODE 

p (Ty3-—i \\ The 1F5-G is a power-amplifier pen- 

L:::n I I tode of the 2-vdlt filament type for use 

_i .Iiril I in the output stage of battery-operated 1 Tf /"■*» 

r *^^>~^J^f)r- receivers. This tube has low filament- I TO - \J 

ny*-(f) ° 3 and plate-current requirements, high 

nc^ey^-nc power sensitivity, and is capable of 

G . 6X delivering a considerable amount of 
audio power with low distortion. 

★ CHARACTERISTICS 

Filament Voltage (D.C.) 2.0 Volts 

Filament Current 0.12 Ampere 

As Single-Tube Class A, Amplifier 

Plate Voltage .'; 180 max. Volts 

Screen Voltage 180 max. Volts 

Plate Dissipation 1.75 max. Watts 

Screen Dissipation 0.75 max. Watt 

Typical Operation: 

Plate Voltage 90 135 Volts 

Screen Voltage (Grid No. 2) 90 135 Volts 

Grid Voltage (Grid No. 1) -3 -4 5 Volts 

Peak A-F Grid Voltage 3 4.5 Volts 

Plate Current 4 8 Milliamperes 

Screen Current 1.1 2.4 Milliamperes 

Plate Resistance (Approx.) 0.24 0.20 Megohm 

Transconductance 1400 1700 Micromhos 

Load Resistance 20000 16000 Ohms 

Cathode Resistor 588 432 Ohms 

Total Harmonic Distortion 6 5 Percent 

Power Output 110 310 Milliwatts 

As Push-Pull Class AB, Amplifier 

Valwt an for two tubes 

Plate Voltage 180 max. Volts 

Screen Voltage 180 max. Volts 

Plate Dissipation 1.75 max. Watts 

Screen Dissipation 0.75 max. Watt 

Typical Operation: 

Plate Voltage 180 Volts 

Screen Voltage 180 Volts 

Grid Voltage -7.5 Volts 

Peak ArF Grid-to-Grid Voltage 15 Volts 

Zero-Signal Plate Current 19 Milliamperes 

Max.-Signal Plate Current 21 Milliamperes 

Zero-Signal Screen Current 5.5 Milliamperes 

Max.-Signal Screen Current 7 Milliamperes 

Load Resistance (Plate-to-plate) 20000 Ohms 

Total Harmonic Distortion 4.5 Percent 

Max.-Signal Power Output 1.25 Watts 

INSTALLATION and APPLICATION 

The base of the 1F5-G fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position with the base down. Horizontal 
operation is permissible if pins 2 and 7 are in a vertical plane. Physical character- 
istics of the 1F5-G are shown in Fig. 2-21, OUTLINES SECTION. Filament 
operation is discussed under Type 1C7-G. 

For the power amplifier stage of radio receivers, the 1F5-G is recommended 
either singly or in push-pull combination. More than one audio stage preceding 
the 1F5-G is undesirable because of the possibility of microphonic disturbances 
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resulting from the high level of amplification. Transformer- or impedance-coupling 
devices are preferable. If resistance coupling is employed, the d-c resistance in 
the grid circuit should not exceed 1.0 megohm under cathode-bias conditions; with 
fixed bias, the maximum value is 0.5 megohm. 



DUPLEX-DIODE PENTODE 



G2p 



1F6 



The 1F6 is a duplex-diode pentode 
of the 2-volt filament type. Its elec- 
trical characteristics are the same as 
those of the Type 1F7-GV, except for 
capacitances which are given below. 
The base of the 1F6 fits the standard 
six-contact socket which should be in- 
stalled to hold the tube preferably in a vertical position with the base down 
zontal operation is permissible if pins 1 and 6 are in a vertical plane, 
characteristics of the 1F6 are shown in Fig. 2-16, OUTLINES SECTION, 
operation of the 1F6 is discussed under Type 1C7-G. 




6W 



Hori- 
Physical 
Filament 



Pentode: Grid-Plate Capacitance* . 

Input Capacitance 

Output Capacitance 

• With shield-can. 



0.007 max. nni 
4 nni 
9 w,f 



1F7-GV 



DUPLEX-DIODE PENTODE 

The 1F7-GV is a duplex-diode pen- 
tode consisting of two diodes and a 
pentode in a single bulb. It is recom- 
mended for service as a combined 
detector, amplifier (radio-, intermedi- 
ate-, or audio-frequency), and auto- 
matic-volume-control tube in battery- 
For diode detector and avc considerations, refer to the RADIO 




G-7AD 



operated receivers. 
TUBE APPLICATIONS section. 

★ CHARACTERISTICS 





2.0 


Volts 




0.06 


Ampere 


Pentode: Grid-Plate Capacitance* 


0.01 max. 


Ulii 


Input Capacitance* 


3.8 


M/»f 




9.5 





• With shield-can connected to (-) filament. 



Pentode Unit — As Class A, R-F or l-F Amplifier 



Plate Voltage 

Screen Voltage (Grid No. 2) 

Grid Voltage (Grid No. 1) 

Plate Current 

Screen Current 

Plate Resistance (Approx.) 

Transconductance 

Transconductance (At — 12 volts bias)§ . 



180 max. 
67.5 max. 
-1.5 

2.2 

0.7 
1 

650 
20 



Volts 
Volts 
Volts 

Milliamperes 

Milliampere 

Megohm 

Micromhos 

Micromhos 



Pentode Unit — As Resistance-Coupled A-F Amplifier 

Plate-Supply Voltage 135 135 Volts 

Screen-Supply Voltage 135 135 Volts 

D-C Grid VoltageJ -1.0 -2.0 Volts 

Peak A-F Grid Voltage 0.64 0.62 Volt 

Zero-Signal D-C Plate Current 0.42 0.42 Milliampere 

{ For cathode current cut-off. 

t If a grid-coupling resistor is used, its maximum value should not exceed 1.0 megohm. 
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Max.-Signal D-C Plate Current . 0.34 0.34 Milliampere 

Plate Resistor 0.25 0.25 Megohm 

Screen Resistor 1 0.8 Megohm 

Load Resistance ** *» 

Grid Resistor! 1.0 0.5 1.0 0.5 Megohm 

Voltage Amplification 48 43 46 41 

Total Harmonic Distortion . 5 5 5 5 Per cent 

Peak Voltage Output 30.8 28 28 25.2 Volts 

** The load resistance across which the output voltage it developed, consists of the plate 
resistor, coupling condenser, and grid resistor of the following tube, 
t For the following tube. 

Diode Units 

The two diodes and the pentode are independent of each other except for the 
common filament. The two diode units are placed at the negative end of the 
filament. Operation curves for diode units are given under Type 6B7. 



INSTALLATION and APPLICATION 

The base of the 1F7-GV fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position with the base down. Horizontal 
operation is permissible if pins 2 and 7 are in a vertical plane and the long leg of 
the filament is below the short leg. Information on filament operation is given 
under Type 1C7-G. Physical characteristics of the 1F7-GV are shown in Fig 
2-15, OUTLINES SECTION. The 1F7-GV is similar in application to Type 6B8. 




G-5S 



DETECTOR AMPLIFIER 
TRIODE 

The 1G4-G is a medium-mu triode 
of the 1.4-volt filament type for use 
as a detector or voltage amplifier. 



★ CHARACTERISTICS 



Filament Voltage (D.C.) 

Filament Current 

Grid-Plate Capacitance 

Grid-Filament Capacitance . . 
Plate-Filament Capacitance . 



1.4 
0.05 
2.8 
2.2 
3.4 



1G4-G 



Volts 
Ampere 

«if 



As Class A, Amplifier 



Plate Voltage 
Grid Voltage . 
Plate Current . 



Plate Resistance 10700 



Amplification Factor . 
Transconductance . . . 



90 max. 
-6 
2.3 



8.8 
825 



Volts 
Volts 

Milliamperes 
Ohms 

Micromhos 



INSTALLATION and APPLICATION 

The base of the 1G4-G fits the standard octal socket which may be installed 
to hold the tube in any position. The filament is designed to be operated directly 
from a 1.5-volt dry battery; other information on filament operation is given under 
Type 1A7-G. For physical characteristics of the 1G4-G, refer to Fig. 2-13, OUT- 

LI ^JES SECTION!. 

The 1G4-G is similar in application to the 1H4-G except that it is not recom- 
mended for class B service. The 1G4-G is especially useful as a driver for Type 
1G6-G. 
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POWER AMPLIFIER - G ' 
PENTODE 

£ ("1 The 1G5-G is a power-amplifier 

pentode with a 2-volt filament for r+t/wv-^r- 

use in battery-operated receivers oT^TbS ° 3 

where economy of filament-current uc^nc 

drain is important. 6 . 6X 

★ CHARACTERISTICS 

Filament Voltage (D.C.) 2.0 Volts 

Filament Current 0.12 Ampere 

As Class A, Amplifier 

Plate Voltage 135 max. Volts 

Screen Voltage ' 135 max. Volts 

Plate Dissipation 1.25 max. Watts 

Screen Dissipation 0.6 max. Watt 

Typical Operation: 

Plate Voltage 90 124 135 Volts 

Screen Voltage 90 124 135 Volts 

D-C Grid Voltage -6 -11 -13.5 Volts 

Peak A-F Grid Voltage 6 9.9 9.2 Volts 

Zero-Signal Plate Current 8.5 10 8.7 Milliamperes 

Max.-Signal Plate Current 8.7 10.7 9.7 Milliamperes 

Zero-Signal Screen Current 2.5 3 2.5 Milliamperes 

Max.-Signal Screen Current 3 4.3 3.6 Milliamperes 

Plate Resistance (Approx.) 133000 145000 160000 Ohms 

Transconductance 1500 1500 1550 Micromhos 

Load Resistance 8500 8000 9000 Ohms 

Total Harmonic Distortion 6 10.5 11 Percent 

Second Harmonic Distortion ... 3 7 8 Per cent 

Third Harmonic Distortion 5 7.5 7 Per cent 

Max.-Signal Power Output 250 600* 550** Milliwatts 

* A power output of 650 milliwatts with 13% total distortion (6% second, 11% third) can 
be obtained with a peak a-f grid voltage of 11 volts. 

**A power output of 750 milliwatts with 18% total distortion (9% second, 15% third) can 
be obtained with a peak a-f grid voltage of 13.5 volts. 

INSTALLATION and APPLICATION 

The base of the 1G5-G fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position with the base down. Horizontal 
operation is permissible if pins 2 and 7 are in a vertical plane. Physical character- 
istics of the 1G5-G are shown in Fig.. 2-21, OUTLINES SECTION. Filament 
operation is discussed under Type 1C7-G. 

Application of the 1G5-G is similar to that of the 1F5-G. Transformer- or 
impedance-coupling devices are recommended. When the grid circuit has a 
resistance not higher than 0.5 megohm, fixed bias may be used; for higher values, 
cathode bias is required. With cathode bias, the grid circuit may have a resistance 
as high as, but not greater than one megohm. 

CLASS B 
TWIN AMPLIFIER * T * ( 

1G6-G The 1G6-G combines in one bulb r .(2; 

two high-mu triodes designed for 
class B operation. It is intended for v — 'key' ^.^ 
use in the output stage of battery- 
operated receivers and is capable of g-7ab 

supplying considerable audio-frequency power. The two units have separate 

, external terminals for all electrodes except the filaments, so that circuit design is 

similar to that of class B amplifiers using individual tubes. 
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CHARACTERISTICS 



Filament Voltage (D.C.) . 
Filament Current 



1.4 
0.1 



Volts 
Ampere 



110 max. 
20 max. 



Volts 

Milliamperes 



0 


0 


Ohms 


0 


2530 


Ohms 


90 


90 


Volts 


0 


0 


Volts 


42 


48 


Volts 


2 


2 


Milliamperes 


14 


11 


Milliamperes 


5 


6 


Milliamperes 


12000 


12000 


Ohms 


3 


4 


Per cent 


675 


350 


Milliwatts 



As Class B Amplifier 

Plate Voltage 

Peak Plate Current (Per plate) 

Typical Operation: 

Unless otherwise specified, values are for both units 

Plate-Supply Impedance 

Effective Grid-Circuit Impedance (Per unit) 

Plate Voltage 

D-C Grid Voltage 

Peak A-F Grid-to-Grid Voltage 

Zero-Signal D-C Plate Current 

Max.-Signal D-C Plate Current 

Peak Grid Current (Per unit) 

Effective Load Resistance (Plate-to-plate) . 

Total Harmonic Distortion 

Power Output (Approx.) 

INSTALLATION and APPLICATION 

The base of the 1G6-G fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 1G6-G are shown 
in Fig. 2-13, OUTLINES SECTION. The 1.4-volt filament is designed to operate 
directly from a 1.5-volt dry battery. Refer to Type 1A7-G for further information 
on filament operation. 

The 1G6-G is designed to be operated with zero bias. A discussion of class 
B operation is given in the RADIO TUBE APPLICATIONS section. 

In the conditions shown under TYPICAL OPERATION, the plate-supply 
impedance of zero ohms indicates that battery supply is required for the plate. 
The effective grid-circuit impedance of 2530 ohms is for a class B stage in which the 
effective resistance per grid circuit is 2500 ohms at 400 cycles and the leakage react- 
ance of the coupling transformer is 155 millihenrys. The driver stage should be 
capable of supplying the grids of the class B stage with the specified values at low 
distortion. Type 1G4-G is satisfactory for this service. 

The 1G6-G may also be used under class A conditions as follows: maximum 
plate volts, 90; grid volts, 0; amplification factor. 30; plate resistance. 45000 ohms; 
transconductance. 675 micromhos; plate current, 1 milliampere. These values are 
for each triode unit. 




DETECTOR AMPLIFIER 
TRIODE 

The 1H4-G is a three-electrode tube 
for use as detector or amplifier in bat- 
tery-operated receivers where economy 
of filament-current drain is important. 



CHARACTERISTICS 



Filament Voltage (D.C.) . 
Filament Current 



As Class A t Amplifier 



2.0 
0.060 



1H4-G 



Volts 
Ampere 



Plate Voltage 

Grid Voltage 

Plate Current 

Plate Resistance 

Amplification Factor . 
Transconductance . . . 



90 


135 


180 max. 


Volts 


-4.5 


-9 


-13.5 


Volts 


2.5 


3.0 


3.1 


Milliamperes 


11000 


10300 


10300 


Ohms 


9.3 


9.3 


9.3 




850 


900 


900 


Micromhos 
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As Class B Amplifier 

Plate Voltage 180 max. Volts 

Peak Plate Current 50 max. Milhamperes 

Zero-Signal Current (Per tube) 1.5 max. Milliamperes 

Typical Operation: 

Unless otherwise specified, values are for two tubes 

Plate Voltage 157.5 Volts 

Grid Voltage -15 Vo te 

Zero-Signal Plate Current (Per tube) 10 Milhampere 

Effective Load Resistance (Plate-to-plate) 8000 Ohms 

Max.-Signal Driving Power 260 Milliwatts 

Max.-Signal Power Output (Approx.)* 2.1 Watts 

* With one Type 1H4-G as driver operated under the following conditions: Plate voltage, 
157.5 volts; negative grid-bias voltage, 11.3 volts; plate load of approximately 18000 ohms; input 
transformer ratio (primary to one-half secondary), 1.165; and total distortion of 6 to 7% 

INSTALLATION and APPLICATION 

The base of the 1H4-G fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position with the base down. Horizontal 
operation is permissible if pins 2 and 7 are in a vertical plane. Cushioning of the socket 
in the detector stage may be desirable if microphonic disturbances are encountered. 
Physical characteristics of the 1H4-G are shown in Fig. 2-17, OUTLINES SECTION. 
For filament operation, refer to INSTALLATION on Type 1C7-G. 

As a detector, the 1H4-G may be operated either with grid leak and condenser 
or with grid bias. The plate voltage for grid-leak detection should not be more 
than 45 volts. A grid leak of from 1 to 5 megohms used with a grid condenser of 
000025 /if is satisfactory. The grid return should be connected to the positive 
filament socket terminal. For grid-bias detection, plate voltage up to the maximum 
value of 180 volts may be used. The corresponding grid bias should be adjusted 
so that the plate current is about 0.2 milliampere when no signal is being received. 

In resistance-coupled service, the 1H4-G should not be used with a d-c resist- 
ance in the grid circuit greater than 2 megohms. 



DIODE HIGH-MU TRIODES 

"I Ul 5 - G The 1H5-G and 1H5-GT are multi- 
1 1 ls/ ^ electrode tubes of the 1.4-volt filament 
type. Each type contains a single 
diode and a high-mu triode, and is for 
use as a combined detector and ampli- 
fier in radio receivers designed for its 
characteristics. 



1H5-GT 




KEY 

6-5Z 



★ CHARACTERISTICS 

Filament Voltage (D.C.) 1-4 Volte 

Filament Current o ui) Ampere 

Type 1H5-G Type 1H5-GT 

Triode: Grid-Plate Capacitance* 1.0 1.0 mil 

Grid-Filament Capacitance* . . 1.1 1.2 «it 

Plate-Filament Capacitance* . 5.8 5.0 wit 

* Approximate. 

Triode Unit — As Class A, Amplifier 

Plate Voltage 90 ««• Volts 

^Resistance::::::::: 240000 Ohms 

Amplification Factor <» . 

Transconductance 275 Micromhos 

— 64 — 



RCA RECEIVING TUBE MANUAL 



Diode Unit 

The diode and the triode are independent of each other except for the common 
filament. The diode is located at the negative end of the filament. Further con- 
sideration of diodes is given in the RADIO TUBE APPLICATIONS section. 

INSTALLATION and APPLICATION 

The base of either the 1H5-G or the 1H5-GT type fits the standard octal socket 
which may be installed to hold the tube in any position. Physical characteristics 
of the 1H5-G and 1H5-GT are shown in Figs. 2-11 and 2-6. respectively, in the 
OUTLINES SECTION. Filament operation is discussed under Type 1A7-G. 

The triode unit is recommended for use with resistance-coupled circuits because 
of its high amplification factor. Diode biasing of the triode is not suitable because 
of the probability of plate-current cut-off, even with relatively small signal voltages 
applied to the diode circuit. 



AVERAGE PLATE CHARACTERISTICS 




100 125 
PLATE VOLTS 



200 
92C-6I03 




1H6-G 



G-7AA 



DUPLEX-DIODE TRIODE 

The 1H6-G is a 2-volt filament type 
of tube containing two diodes and a 
triode in a single bulb. It may be 
used as a combined detector, amplifier, 
and automatic-volume-control tube in 
battery-operated receivers. For diode- 
detector considerations, refer to RADIO 
TUBE APPLICATIONS. The base requires the use of the standard octal socket 
which should be installed to hold the tube preferably in a vertical position with 
the base down. Horizontal operation is permitted if pins 2 and 7 are in a vertical 
plane. Physical characteristics of the 1H6-G are shown in Fig. 2-17, OUTLINES 
SECTION. Filament operation is discussed under Type 1C7-G. 

★ CHARACTERISTICS 

Filament Voltage (D.C.) 

Filament Current 

Triode: Grid-Plate Capacitance* 

Grid-Filament Capacitance* 

Plate-Filament Capacitance* 

• Approximate. 

Triode Unit — As Class A x Amplifier 

Plate Voltage 135 max. Volts 

Grid Voltagb -3 Volts 



2.0 


Volts 


0.06 


Ampere 


4.8 


w«f 


4.0 


wf 


2.6 


iiiif 
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Plate Current 0.8 Milhampere 

Plate Resistance 35000 Ohms 

Amplification Factor 20 

Transcokductance 575 Micromhos 

Diode Units 

The two diodes and the triode are independent of each other except for the 
common filament. Diode plate No. 1 is located at the negative end of the filament; 
diode plate No. 2 is located at the positive end. Because of this arrangement, 
diode plate No. 1, when the diodes are used for different purposes, should be used 
for detection to avoid signal-delay effects. Operation curves for the diode units 
are given under Type 6B7. 

CLASS B TWIN AMPLIFIER pr §-§^t, 

GThe 1J6-G combines in one bulb 
two high-mu triodes designed for class /v _ . . 

B operation. It is intended for use in fA 2A " fM_M 
the output stage of battery-operated 
receivers and is capable of supplying NC _ ~nc 
approximately 2 watts of audio power. g-7ab 
The triode units have separate external 
terminals for all electrodes except the filaments, so that circuit design is similar 
to that of class B amplifiers utilizing individual tubes in the output stage. 

★ CHARACTERISTICS 

Filament Voltage (D.C.) 2.0 Volts 

Filament Current 0.24 Ampere 

As Class B Power Amplifier 

Plate Voltage 135 max. Volts 

Peak Plate Current (Per plate) 50 max. Milliamperes 

Typical Operation: 

Plate Voltage 135 135 135 Vo ts 

Grid Voltage -6 -3 0 Volts 

Zero-Signal Plate Current 

(Per plate) 0.1 1.7 5 Milliamperes 

Effective Load Resistance ^, 

(Plate-to-plate) 10000 10000 10000 Ohms 

Average Power Input (Approx.)* 95 130 170 Milliwatts 

Power Output (Approx.) 1.6 1.9 2.1 Watte 

* Applied between gridi to give indicated values of power output. 

INSTALLATION and APPLICATION 

The base of the 1J6-G fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position with the base down. The tube 
may be mounted horizontally if pins 1 and 4 are in a vertical plane. Physical 
characteristics of the 1J6-G are shown in Fig. 2-17, OUTLINES SECTION. For 
filament operation, refer to Type 1C7-G. 

As a class B power amplifier in the output stage of battery-operated receivers, 
the 1J6-G should be operated as shown under CHARACTERISTICS. In such 
service, it may be operated either with zero grid bias or with negative grid bias. 
The latter method may be of advantage in cases where plate-battery drain must 
be conserved, even at some sacrifice in power output. 

The type of driver tube chosen to precede the 1J6-G should be capable of 
handling enough power to operate the class B amplifier stage. Allowance should 
be made for transformer efficiency. It is most important, if low distortion is desired, 
that the driver tube be worked well below its class A undistorted-output rating, 
since distortion produced by the driver stage and the power stage will be present 
in the output. A discussion of class B amplifier features is given in the RADIO 
TUBE APPLICATION section. 
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R-F AMPLIFIER PENTODES 

The 1N5-G and 1N5-GT are r-f 
pentodes of the 1.4-volt filament type 
for use in battery-operated receivers. 
The two types are identical except for 
their capacitances and the smaller 
physical size of the 1N5-GT. 



1N5-G 
1 N5-GT 



★ CHARACTERISTICS 



Filament Voltage (D.C.) 

Filament Current 

Plate Voltage 

Screen Voltage 

Grid Voltage 

Plate Current 

Screen Current 

Plate Resistance (Approx.) 

Transconductance 

Transconductance (At -4 volts bias) 



1.4 
0.05 
90 max. 
90 max. 

0 
1.2 
0.3 
1.5 
750 

5 



Volts 

Ampere 

Volts 

Volts 

Volts 

Milliamperea 

MilUampere 

Megohms 

Micromhos 

Micromhos 



Grid-plate Capacitance* . 

Input Capacitance. . . 

Output Capacitance 

• With shie.d-can. 



Type 1N5-G 

0.007 max. 
3.2 
11.0 



Type 1N5-GT 

0.007 max. 
3.2 
10.0 



niii 
w»f 



INSTALLATION and APPLICATION 

The base of either the 1N5-G or the 1N5-GT fits the standard octal socket 
which may be mounted to hold the tube in any position. Physical characteristics 
of the 1N5-G and 1N5-GT are shown in Figs. 2-11 and 2-5, respectively, in the 
OUTLINES SECTION. Filament operation is discussed under Type 1A7-G. 

These types are designed to be operated with equal screen and plate voltages. 
The operating conditions are given for maximum efficiency of these types as r-f 
or i-f amplifiers. In avc circuits, these types should be only partially controlled 
to avoid excessive reduction in receiver sensitivity with large signal input. 



AVERAGE PLATE CHARACTERISTICS 
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TYPE IN5-GT 
Ef = 1.4 VOLTS 
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C2 0| 

BEAM POWER AMPLIFIER ^ ^ 

1— ^ — — . The 1Q5-GT is a power amplifier of 1 ' 
fj _ Cj I the beam type having a 1.4-volt fila- 
v " / 1 ment. It is designed, for use in the F+ (2^4_A_L^7) r- 
output stage of battery-operated re- f>rm-fK PSF 
ceivers. viClt) 

NC NC 

G-6AF 

★ CHARACTERISTICS 

Filament Voltage (D.C.) 1.4 Volts 

Filament Current 0.1 Ampere 

Plate Voltage 90 max. Volts 

Screen Voltage 90 max. Volts 

Grid Voltage — 4.5 Voltt 

Peak A-F Grid Voltage 4.5 Volts 

Plate Current 9.5 Milliamperea 

Screen Current 1.6 Milliamperea 

Transconductance 2100 Micromhos 

Load Resistance 8000 Ohms 

Total Harmonic Distortion 7.5 Per cent 

Power Output 0.27 Watt 

INSTALLATION and APPLICATION 
The base of the 1Q5-GT fits the standard octal socket which may be mounted 
to hold the tube in any position. Physical characteristics of the 1Q5-GT are shown 
in Fig. 2-8, OUTLINES SECTION. Filament operation is discussed under Type 
1A7-G. 

The 1Q5-GT may be operated as a single-tube class Ai amplifier under conditions 
given above. The type of input coupling used should not introduce too much 
resistance in the grid circuit. Transformer- or impedance-coupling devices are 
recommended. When the grid circuit has a resistance not higher than 0.1 megohm, 
fixed bias may be used; for higher values, cathode bias is required. With cathode 
bias, the grid circuit may have a resistance as high as, but not greater than, 0.5 
megohm. 

PENTAGRID CONVERTER "jsH^* 

The 1R5 is a miniature type of multi- ( ^^::rL--Y^' 

1r\ j- electrode vacuum tube designed to _lXJ::ifl j_ 

|\0 perform simultaneously the functions pdX A^?7® F + 

of a mixer tube and of an oscillator >^i^ 
tube in superheterodyne circuits. 
Through its use, the independent con- _ AT 
trol of each function is made possible 
within a single tube. The 1R5 is designed with high operating efficiency especially 
for compact, light-weight, portable equipment. The high operating efficiency even 
with only a 45-volt B-supply has been attained by a new design which provides 
the miniature size without decreasing the size of essential electrode parts. The 
conventional base has been replaced with a glass button base. For general dis- 
cussion of pentagrid types, see Frequency Conversion in RADIO TUBE APPLI- 
CATIONS section. 

★ CHARACTERISTICS 

Filament Voltage (D.C.) 1.4 Volts 

Filament Current 0.05 Ampere 

Direct Interelectrode Capacitances: i 
Grid No. 3 to All Other Electrodes (R-F Input) ... 7.0 nnl 

Plate to All Other Electrodes (Mixer Output) 7.0 «if 

Grid No. 1 to All Other Electrodes 3.8 «if 

Grid No. 3 to Plate 0.4 max. «<f 

Grid No. 1 to Grid No. 3 0.2 max. nnl 

Grid No. 1 to Plate 0.1 max. md 

t With no external shield. 
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Converter Service 

Plate Voltage 

Screen Voltage (Grids No. 2 and No. 4) 

Screen Supply Voltage 

Control-Grid Voltage (Grid No. 3) 

Total Cathode Current 

Typical Operation: 

Plate Voltage 45 90 

Grids No. 2 and No. 4 Voltage 45 45 

Grid No. 3 Voltage 0 0 

Grid No. 1 Resistor 0.1 0.1 

Plate Current 0.7 0.8 

Grids No. 2 and No. 4 Current 1.9 1.8 

Grid No. 1 Current 0.15 0.15 

Total Cathode Current 2.75 2.75 

Plate Resistance (Approx.) 0.6 0.75 

Conversion Transcondiictance 235 25G 

Conversion Transconductance (Approx.) 5* 5* 

The transconductance between grid No. 1 and grids No. 2 and 
latins) is approximately 1200 micromhos when grids No. 1 and No. 
No. 2 and No. 4 and plate are at 45 volts. 

• With grid No. 3 bias of -9 volts. ** With grid No. 3 bias of 



90 max. Volts 
67.5 max. Volts 
90 wax. Volts 
0 min. Volts 
5.5 max. Milliamperes 



90 
67.5 
0 
0.1 
1.7 
3 

0.25 
5 
0.5 
300 
5* 



Volts 

Volts 

Volts 

Megohm 

MilTiampere 

Milliamperes 

Milliampere 

Milliamperes 

Megohm 

Micromhos 

Micromhos 



No. 4 tied to plate (not oscil- 
3 are at zero volts, and grids 

-15 volts. 



INSTALLATION and APPLICATION 

The base of the 1R5 fits a button-base socket which may be installed to hold 
the tube in anv position. Physical characteristics of the 1R5 are shown in Fig. 
2-2, OUTLINES SECTION. For filament operation, see Type 1A7-G. 

As a frequency converter in superheterodyne circuits, the 1R5 can supply 
the local oscillator frequency and at the same time mix it with the radio-input 
frequency to provide the desired intermediate frequency. For this service, design 
information is given under CHARACTERISTICS. 



OPERATION CHARACTERISTICS 
W ITH SEPARATE OSCILLATOR EXCITATIO N 



TYPE IR5 
Ef = 1.4 VOLTS O.C. 

PLATE VOLTS -{*\ 
GRID N*2 iNS4 VOLTS - 45 
GRID NS I RESISTOR-OHMS = I0OO0O 
OSCILLATOR VOLTAGE ADJUSTED TO 
GIVE GRID Nil CURRENT OF IS0JJA. 




i 

< 

IX. 

r- 

100 5 



-SO -676 ^0 -2.0 
GRID NB3 (CONTROL GRID) VOLTS 

92C-6097 



OPERATION CHARACTERISTICS 

WITH SEPARATE OSCILLATOR EXCITATION 



3 



TYPE I R5 
-E f sl.4 VOLTS D.C. 

MS 

PLATE VOLTS < 90 

US OR 90 

CRIDS N52 L NS4 VOLTS =46 
GRID N23 (CONTROL GRID)VOLTS«0 _ 
GRID N2l RESISTOR-OHMS = l0O00O 
GRID Nsl CURRENT VARIED BY 

ADJUSTMENT OF OSCILLATOR 




3? 



0.08 0.16 0.24 0.32 
GRID Nil MILLIAMPERES dc|) 

92C- 6096 




7AV 



POWER AMPLIFIER PENTODE 

The 1S4 Is a miniature type of 
power-output pentode designed with 
high efficiency and good power sensi- 
tivity especially for compact, light- 
weight, portable equipment operating 
with a B-supply battery of 45 volts. 
It has the same structural features as 
the 1R5. 
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* CHARACTERISTICS 

Filament Voltage (D.C.) 1.4 Volts 

Filament Current 0. 1 Ampere 

As Class A, Amplifier 

Plate Voltage 67.5 max. Volts 

Screen Voltage 67.5 max. Volts 

Total Cathode Current* 11 max. Milliamperes 

Total Cathode Current** 9 max. Milliamperes 

Typical Operation: 

Plate Voltage 45 67.5 Volts 

Screen Voltage 45 67.5 Volts 

Grid Voltage (Grid No. 1) -4.5 -7 Volts 

Peak A-FGrid Voltage 4.5 7 Volts 

Zero-Signal Plate Current 3.8 7.2 Milliamperes 

Zero-Signal Screen Current 0.8 ,. 1.5 Milliamperes 

Plate Resistance (Approx.) 0.1 0.1 Megohm 

Transconductance 1250 1550 Micromhos 

Load Resistance 8000 5000 Ohms 

Total Harmonic Distortion 12 10 Percent 

Max.-Signal Power Output 0.065 0.180 Watt 

♦Under maximum-signal conditions. **Under no-signal conditions. 

INSTALLATION and APPLICATION 
The base of the 1S4 fits a button-base socket which may be installed to hold 
the tube in any position. Physical characteristics of the 1S4 are shown in Fie. 
2-2, OUTLINES SECTION. For filament operation, see Type 1A7-G. Appli- 
cation is similar to that for Type 1A5-G. 

DIODE - PENTODE , D ,v?2^v> 

The 1S5 is a miniature type of multi- ^Arr:::: /\ 

1Q C electrode tube containing a diode and J^CT 

O an audio-frequency pentode in a single Nc(§AV'JA-"^^' r+ 

bulb. The 1S5 is designed especially (ft — ' 

for compact, light-weight, portable g 3 ^ 

equipment. It will provide high gain 6AU 
even when operated with a B-battery 
voltage of only 45 volts. The structural features of the 1S5 are the same as those 
of the 1R5. 

★ CHARACTERISTICS 

Filament Voltage (D.C.) 1.4 Volts 

Filament Current 0.05 Ampere 

Average Characteristics of Pentode Unit: 

Plate Voltage 67.5 Volts 

Screen Voltage 67.5 Volts 

Grid Voltage 0 Volts 

Plate Resistance. .. 0.4 Megohm 

Transconductance 625 Micromhos 

Plate Current 2.3 Milliamperes 

Screen Current 0.6 Milliampere 

Pentode Unit — As Class Aj Amplifier 

Plate Voltage 90 max. Volts 

Screen Voltage 90 max. Volts 

Grid Voltage 0 min. Volte 

Total Cathode Current 3.7 max. Milliamperes 

Typical Operation as Resistance-Coupled Amplifier: 

Plate-Supply Voltage 45 67:5 90 Volts 

Screen-Supply Voltage 45 67.5 90 Volts 

Grid Voltage 0 0 0 Volte 
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Plate Resistor 1 1 1 Megohm 

Series Screen Resistor 3 3 3 Megohms 

Screen By-Pass Condenser . . 0.1 0.1 0.1 «f 

Grid Resistor 10 10 10 Megohms 

Voltage Gain (Approx.)* 30 40 50 

♦Obtained when the grid of the pentode unit ia fed from a source having an impedance o 
1.0 megohm. 

Diode Unit 

The diode is located at the negative end of the filament, and is independent 
of the pentode unit except for the common filament 



INSTALLATION and APPLICATION 
The base of the 1S5 fits a button-base socket which may be installed to hold 
the tube in any position. Physical characteristics of the 1S5 are shown in Fig. 2-2, 
OUTLINES SECTION. For filament operation, see Type 1A7-G. 



AVERAGE PLATE CHARACTERISTICS 
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'^i^sssg- SUPER-CONTOL R-F 

AMPLIFIER PENTODE 

Ah-'YL 1 TA 

pdX K^y^Drt The 1T4 is a miniature type of super- • I *t 

wim*X?i?^r control pentode designed for use as a 

shield radio-frequency or intermediate-fre- 

quency amplifier in compact, light- 
weight, portable equipment. The 
super-control feature is explained under Super-Control Amplifier in RADIO TUBE 
APPLICATIONS section. The 1T4 features internal shielding which eliminates 
the need for an external bulb shield, but a socket with shielding is essential if mini- 
mum grid-plate capacitance is to be obtained. The general appearance and size 
of the 1T4 is the same as that of the 1R5 

★ CHARACTERISTICS 

Filament Voltage (D.C.) 1.4 Volts 

Filament Current 0.05 Ampere 

Grid-Plate Capacitance* 0.01 max. nrf 

Input Capacitance* 3.5 npi 

Output Capacitance* 7.3 «<if 

* With no external ehield 
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90 max. 
67.5 max. 
90 max. 
0 min. 
5.5 max. 



Volts 
Volts 
Volts 
Volts 

Milliamperea 



As Class Ai Amplifier 

Plate Voltage 

Screen Voltage (Grid No. 2) 

Screen Supply Voltage 

Grid Voltage (Grid No. 1) 

Total Cathode Current 

Typical Operation: 

Plate Voltage 

Screen Voltage 

Grid Voltage 

Plate Current 

Screen Current 

Plate Resistance 

Transconductance 

Grid Voltage for transconductance 
of 10 micromhos 

INSTALLATION and APPLICATION 
The base of the 1T4 fits a button-base socket with shielding. The socket may 
be installed to hold the tube in any position. Physical characteristics of the 1T4 
are shown in Fig. 2-2, OUTLINES SECTION. For filament operation, see 
Type 1A7-G. Application of the 1T4 is similar to that of other remote cut-off, 
filament-type tubes. 



AVERAGE PLATE CHARACTERISTICS 



45 


90 


90 


Volts 


45 


45 


67.5 


Volts 


0 


0 


0 


Volts 


1.9 


2 


3.7 


Milliamperea 


0.7 


0.65 


1.25 


Milliamperes 


0.35 


0.8 


0.5 


Megohm 


700 


750 


900 


Micromhos 


-10 


-10 


-18 


Volts 



, 1 , r 

Typc IT4 
,E f =l.4 VOLTS D.C. 
SCRELN V0LTS = 45 
SUPPRESSOR VOLTS = 




plat e volts 




BEAM POWER AMPLIFIER c fo_d? 

The 1T5-GT is a power-output am- P 6) 

1 — — -p plifier of the directed-beam type for 

I *\ _ f I use in battery-operated radio receiv- 
1 ^ ^ 1 ers. The 1T5-GT is used in applica- r+wx >^^? 7W 6; 

tions where a moderate power output (D - ""® 
is desired and very low filament-current nc key nc 
drain is necessary. G-ex 

★ CHARACTERISTICS 

Filament Voltage (D.C.) 1.4 Volts 

Filament Current 0.05 Ampere 

Plate Voltage 90 max. Volts 

Screen Voltage 90 max. Volts 

Grid Voltage -6 Volts 

Peak A-F Grid Voltage 6 Volts 

Plate Current 6.5 Milliamperes 
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Screen Current 1.4 Mflliamperes 

Transconductance 1150 Micromhos 

Load Resistance 14000 Ohms 

Total Harmonic Distortion 7.5 Per cent 

Power Output 0.17 Watt 



INSTALLATION and APPLICATION 

The base of the 1T5-GT fits the standard octal socket which may be mounted 
to hold the tube in any position. Physical characteristics of the 1T5-GT are shown 
in Fig. 2-8, OUTLINES SECTION. Filament operation is discussed under Type 
1A7-G. Information on the value of resistance in the grid circuit is the same as 
that given for Type 1Q5-GT. 
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HALF-WAVE RECTIFIER 

The 1-v is a half-wave, high-vacuum 
rectifier tube employing a heater type 
of cathode. It is used principally for 
renewal purposes in radio equipment of 
either the a-c/d-c or the automobile 
type designed for its characteristics. 



1-v 



★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

As Half-Wave Rectifier 

Peak Inverse Voltage 1000 max. Volts 

Peak Plate Current 270 max. Milliamperes 

D-C Heater-Cathode Potential 500 max. Volts 

Typical Operation with Condenser-Input Filter: 

A-C Plate Voltage (RMS) 117 150 325 max. Volte 

Total Effective Plate-Supply 

Impedancet Omin. 30 min. 75. min. Ohms 

D-C Output Current 45 max. 45 max. 45 max. Milliamperes 

J When a filter-input condenser larger than 40 of i« used, It may be necessary to uae mora 
plate-supply impedance than the minimum value shown to limit the peak plate current to the 
rated value. 



INSTALLATION and APPLICATION 

The base of the 1-v fits the standard four- 
contact socket which may be mounted to hold the 
tube in any position. Physical characteristics 
of the 1-v are shown in Fig 2-19. OUTLINES 
SECTION. For heater operation, see Type 6A8. 



OPERATION CHARACTERISTICS 



Z 500 




D-C LOAD MILLIAMPERES 

92C-S362R2 
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POWER-AMPLIFIER TRIODE 



The 2A3 is a three-electrode, high- 
vacuum type of power amplifier tube 
for use in the power-output stage of 
a-c operated receivers. The excep- 
tionally large power-handling ability 
of the 2A3 is the result of its design 




features. Among these are its extremely 
high transconductance and its large 
effective cathode area. 

CHARACTERISTICS 
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Ohms 
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800 


Ohms 


Amplification Factor 
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Transconductance 
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Volts 


Cathode Resistor 




780 


Ohms 




80 


80 


Milliamperes 


Effective Load Resistance (Plate-to-plate). 3000 


5000 


Ohms 


Total Harmonic Distortion 


2.5 


5 


Per cent 




15 


10 


Watts 



* Grid volts measured from mid-point of a-c operated filament. 



INSTALLATION and APPLICATION 

The base of the 2A3 fits the standard four-contact socket which should be 
installed to hold the tube preferably in a vertical position. Horizontal operation 
is permissible if pins 1 and 4 are in horizontal position. Sufficient ventilation should 
be provided to prevent overheating. Physical characteristics of the 2A3 are shown 
in Fig. 2-27, OUTLINES SECTION. 

As a power amplifier (Class A t ), the 2 A3 is usable either singly or in push-pull 
combination in the power-output stage of a-c receivers. Recommended operating 
conditions are given under CHARACTERISTICS. 

The values recommended for push-pull operation are different than the con- 
ventional ones usually given on the basis of characteristics for a single tube. The 
values shown for Push-Pull Class ABi operation cover operation with fixed bias 
and with cathode bias, and have been determined on the basis of no grid current 
flow during the most positive swing of the input signal and of cancellation of second- 
harmonic distortion by virtue of the push-pull circuit. The cathode resistor should 
preferably be shunted by a suitable filter network to minimize grid-bias variations 
produced by current surges in the cathode resistor. 

When 2A3's are operated in push-pull, it is desirable to provide means for 
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adjusting independently the bias on each tube. This requirement is a result of the 
very high transconductance of these tubes— 5250 micromhos. This very high 
value makes the 2A3 somewhat critical as to grid-bias voltage, since a very small 
bias-voltage change produces a very large change in plate current. It is obvious, 
therefore, that the difference in plate current between two tubes may be sufficient 
to unbalance the system seriously, To avoid this possibility, simple methods of 
independent cathode-bias adjustment may be used, such as (1) input transformer 
with two independent secondary windings, or (2) filament transformer with two 
independent filament windings. With either of these methods, each tube can be 
biased separately so as to obtain circuit balance. 

Any conventional type of input coupling may be used provided the resistance 
added to the grid circuit by this device is not too high. Transformers or impedances 
are recommended. When cathode bias is used, the d-c resistance in the grid circuit 
should not exceed 0.5 megohm. With fixed bias, however, the d-c resistance should 
not exceed 50000 ohms. 

AVERAGE PLATE CHARACTERISTICS 




1 460 wiii 

PLATE VOLTS 



92C-S233RI 



2A5 



POWER AMPLIFIER PENTODE 

The 2A5 it s heater-cathode type of power- 
amplifier pentode for u«e in the audio-output 
stage of a-c receivers. It is capable of givine 
large power output with a relatively small 
input-signal voltage Except for its heater 
rating (2.5 volts, 1.75 ampere), the 2A5 hat 
electrical characteristics identical with those 
of the 6F6. Applications, also, are the same 
as for the 6F6. 

The base of the 2A5 fits the standard six-contact socket which may be installed to hold the 
tube in any position. Physical characteristics of the 2A5 are shown in Fig. 2-25, OUTLINES 
SECTION. The bulb of the 2A5 will become very hot under certain conditions of operation. 
Sufficient ventilation should be provided to prevent overheating. The heater of this type is 
designed to operate at 2.5 volts. The transformer winding supplying the heater circuit should 
be designed to operate the heater at this recommended value for full-load operating conditions at 
average line voltage. The cathode should preferably be connected direcUy to a mid-tap on the 
heater winding or to a center-tapped resistor across the heater winding. If this practice it not 
followed, the potential difference between heater and cathode should be kept as low as possible. 
This type is used principally for renewal purposes. 




PD2 




DUPLEX-DIODE 
HIGH-MU TRIODE 

The 2A6 is a heater type of tube consisting 
Of two diodes and a high-mu triode in a single 
bulb. It is for use as a combined detector, 
amplifier, and aulomatic-volume-control tube 
in radio receivers designed for its character- 
istics. Except for Its heater rating (2.5 volt*. 
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0.8 ampere), the 2A6 haa electrical characteristics identical with those of the 75. The bate of 
the 2A6 fits the standard six-contact socket which may be installed to hold the tube in any 
position. Physical characteristics of the 2A6 are shown in Fig. 2-16, OUTLINES SECTION. 
This type is used principally for renewal purposes. 



PENTAGRID CONVERTER 



The 2A7 is a multi-electrode type of vacuum 
tube designed to perform simultaneously the 
_ functions of a mixer (first detector) tube and 

T A7 °f an oscillator tube in superheterodyne cir- 

£-f\/ cuits. Except for its healer rating (2.5 volts, 

0.8 ampere) and capacitances (same as for 
the 6A7), the 2A7 has electrical characteris- 
tics identical with those of the 6A8. The base 
of the 2A7 fits the seven-contact (0.75-inch 
pin-circle diameter) socket which may be in- 
stalled to hold the tube in any position. 

Physical characteristics of the 2A7 are shown in Fig 2-16. OUTLINES SECTION. , 

shielding of the 2A7 is generally necessary to prevent intercoupling between its circuit and the cir- 
cuits of other stages. Refer to APPLICATION on Type 6A8. This type is used principally 
for renewal purposes. 




Complete 



G3p 



DUPLEX-DIODE PENTODE 

The 2B7 is a heater type of tube consisting 
of two diodes and a pentode in a single bulb. 
_ _ m — It is designed for service as a combined de- 

O U / tector, amplifier (radio-, intermediate-, or 

^*Jf audio-frequency), and automatic-volume- 

control tube in radio receivers. Except for 
its heater rating (2 5 volts 0.8 amperel and 
capacitances tsame as for 6B71, the 2B7 has 
electrical characteristics identical with those 
of the 6B8-G. The base of the 2B7 fits the 
seven-contact (0.75-inch pin-circle diameter) 
socket which may be installed to hold the tube in any position. Physical characteristics of the 
2B7 are shown in Fig. 2-16, OUTLINES SECTION. Complete shielding of delector circuits 
employing the 2B7 is generally necessary to prevent r-f or i f coupling between the diode circuits 
and the circuits of other stages. Refer to APPLICATION under Type 6B8. The 2B7 is used 
principally for renewal purposes. 
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BEAM POWER AMPLIFIER 

The 3Q5-GT is a filament type of 
power -amplifier tube which employs 
directed electron-beam principles. It 
is intended for use in a-c/d-c battery 
receivers. The filament has a center 
tap so as to permit of either a series- 
filament or a parallel-filament arrange- 
ment. For discussion of beam power 
amplifier considerations, refer to section on ELECTRONS and 



3Q5-GT 




ELECTRODES. 



★ CHARACTERISTICS 

Series-Filament Parallel-Filament 

Arrangement Arrangement 

Filament Voltage (D.C.) 2.8 1.4 Volts 

Filament Current 0.05 0.1 Ampere 

Plate Voltage 90 max. 90 max. Volts 

Screen Voltage (Grid No. 2) 90 max. 90 max. Volts 

Grid Voltage (Grid No. 1) -4.5 -4.5 Volts 

Plate Current J.5 9.5 Milliamperes 

Screen Current 1.0 1.6 Milliamperes 

Plate Resistance (Approx.) 0.11 0.1 Megohm 

Transconductance 1800 2100 Micromhos 

Load Resistance 8000 8000 Ohms 

Total Harmonic Distortion 7.5 7.5 Per cent 

Max.-Signal Power Output 250 270 Milliwatts 
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INSTALLATION and APPLICATION 

The base of the 3Q5-GT fits the standard octal socket which may be mounted 
to hold the tube in any position. Physical characteristics of the 3Q5-GT are shown 
in Fig. 2-8, OUTLINES SECTION. 

The coated filament is designed to be operated either with the two sections 
in series across two dry cells in series or with the two sections in parallel across 
one dry cell. With the series arrangement, the filament voltage is applied between 
pins No. 2 '+) and No. 7 (-). Pin No. 8 is not used. With the parallel arrange- 
ment, the filament voltage is applied between pin No. 8 (-) and Pins No. 2 and 
No. 7 (+) connected together. For further information on filament operation, 
see Type 1A7-G. 

The 3Q5-GT may be operated as a single-tube class Ai amplifier under con- 
ditions given above. The type of input coupling used should not introduce too 
much resistance in the grid circuit. Transformer- or impedance-coupling devices 
are recommended. 




FULL-WAVE HIGH-VACUUM 
RECTIFIER 

The 5T4 is a full-wave, high vacuum 
rectifier of the metal type for use in 
a-c receivers having high current re- 
quirements. 



5T4 



METAl 



★ CHARACTERISTICS 

Filament Voltage (A.C.) 5.0 Volts 

Filament Current 2.0 Amperes 

As Full-Wave Rectifier 

Peak Inverse Voltage 1550 max. Volts 

Peak Plate Current per Plate 675 max. Milliamperes 

Typical Operation with Condenser-Input Filter: 

A-C Plate Voltage per Plate (RMS) 450 max. Volts 

Total Effective Plate-Supply Impedance per PlateJ. 150 mi n. Ohms 

D-C Output Current 225 max. Milliamperes 

Typical Operation with Choke-Input Filter: 

A-C Plate Voltage per Plate (RMS) 550 max. Volts 

Input-Choke Inductance 3 min. Henries 

D-C Output Current 225 max. Milliamperes 

tWhen a filter-input condenser larger than 40 (if is used, it may be necessary to use more 
plate-supply impedance than the minimum value shown to limit the peak plate current to the 
rated value. 



INSTALLATION and APPLICATION 

The base of the 5T4 fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position. Horizontal operation is permis- 
sible if pins 2 and 4 are in a vertical plane. Physical characteristics of the 5T4 
are shown in Fig. 1-9, OUTLINES SECTION. Provision should be made for 
adequate ventilation to prevent overheating. The coated filament of the 5T4 is 
designed to operate from the a-c line through a step-down transformer. The 
voltage at the filament terminals should be 5.0 volts under operating conditions 
at an average line voltage of 117 volts. Filters are discussed in the RADIO TUBE 
APPLICATIONS section. 
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5U4-G 



FULL-WAVE HIGH-VACUUM 
RECTIFIER 

The 5U4-G is a full-wave, high 

vacuum rectifier of the filament type 

for use in a-c receivers having high 
current requirements. 




G-5T 



★ CHARACTERISTICS 

Filament Voltage (A.C.) 5.0 Volts 

Filament Current 3.0 Amperes 

As Full-Wave Rectifier 

Peak Inverse Voltage 1550 max. Volts 

Peak Plate Current per Plate 675 max. Milliamperes 

Typical Operation with Condenser-Input Filter: 

A-C Plate Voltage per Plate (RMS) 450 max. Volts 

Total Effective Plate-Supply Impedance per Platet 75 min. Ohms 

D-C Output Current 225 max. Milliamperes 

Typical Operation with Choke-Input Filter: 

A-C Plate Voltage per Plate (RMS) 550 max. Volts 

Input-Choke Inductance 3 min. Henries 

D-C Output Current 225 max. Milliamperes 

X When a filter-input condenser larger than 40 id is used, it may be necessary to use more 
plate-supply impedance than the minimum value shown to limit the peak plate current to the 
rated value. 



INSTALLATION and APPLICATION 

The base of the 5U4-G fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position. Horizontal operation is permis- 
sible if pins 1 and 4 are in a vertical plane. Physical characteristics of the 5U4-G 
are shown in Fig. 2-26. OUTLINES SECTION. Filament operation and ventila- 
tion are discussed under Type 5T4. Information on filter circuits is given in the 
RADIO TUBE APPLICATIONS section. 
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OPERATION CHARACTERISTICS 



TYPE 5U4-G E> "=5.0 VOLTS A.C 
— CHOKE(L) INPUT TO FILTER; 

L=3 HENRIES ( WIN.) 
— CONDENSER(C) INPUT TO FILTER I 

C=W> TOT.ErFECT. PLATE-SUPPLY 
_ IMPEDANCE PER PLATE = 

*to7T I i i | 75 ohms 
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OPERATION CHARACTERISTICS 



TYPE 5V4-G I I I I 

E f =5.0 VOLTS 1 1 J I I 

--- CHOKE(L) INPUT TO FILTER! 
. L =4 HENRIES (MIN.) 
>CONOENSER{C) INPUT TO FILTER! 
TOT. EFFECT. PLATE- SUPPLY 
IMPEDANCE PER PLATE = 

' 65 OHMS 
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5V4-G 



FULL-WAVE HIGH-VACUUM 
RECTIFIER 

The 5V4-G is a full-wave, high- 
vacuum rectifier of the heater-cathode 
type capable of supplying large d-c 
currents. The close electrode spacing 
in this tube permits excellent voltage 
regulation. 

★ CHARACTERISTICS 

Heater Voltage (A.C.) 5.0 Volte 

Heater Current 2.0 Amperes 

As Full-Wave Rectifier 

Peak Inverse Voltage 1400 max. Volts 

Peak Plate Current per Plate 525 max. Milliamperes 

Typical Operation with Condenser-Input Filter: 

A-C Plate Voltage per Plate (RMS) 375 max. Volts 

Total Effective Plate-Supply Impedance per PlateJ. 65 min. Ohms 

D-C Output Current 175 max. Milliamperes 

Typical Operation with Choke-Input Filter: 

A-C Plate Voltage per Plate (RMS) 500 max. Volts 

Input-Choke Inductance 4 min. Henries 

D-C Output Current 175 max. Milliamperes 

t When a filter-input condenser larger than 40 id is used, it may be necessary to use more 
plate-supply impedance than the minimum value shown to limit the peak plate current to the 
rated value. 

INSTALLATION and APPLICATION 
The base of the 5V4-G fits the standard octal socket which may be mounted 
to hold the tube in any position. The bulb becomes hot during continuous opera- 
tion and requires adequate ventilation to prevent overheating. Physical character- 
istics of the 5V4-L are shown in Fig. 2-21, OUTLINES SECTION. The heater 
is designed to operate from the a-c line through a step-down transformer. The 
voltage at the heater terminals should be 5.0 volts under operating conditions at 
a line voltage of 117 volts. For information on filter circuits, refer to the RADIO 
TUBE APPLICATIONS section. Operation curves for the 5V4-G are shown above 
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5W4 



M£TA! 



FULL-WAVE HIGH-VACUUM 
RECTIFIER 

The 5W4 is a full-wave, high- 
vacuum rectifying tube of the metal 
type for use in a-c receivers having low 
current requirements. 




★ CHARACTERISTICS 

Filament Voltage (A.C.) 5.0 Volts 

Filament Current 1.5 Amperes 

As Full- Wave Rectifier 

Peak Inverse Voltage 1400 max. Volts 

Peak Plate Current per Plate 300 max. Milliamperes 

Typical Operation with Condenser-Input Filter: 

A-C Plate Voltage per Plate (RMS) 350 max. Volts 

Total Effective Plate-Supply Impedance per PlateJ. 25 min. Ohms 

D-C Output Current 100 max. Milliamperes 

Typical Operation with Choke-Input Filter: 

A-C Plate Voltage per Plate (RMS) 500 max. Volts 

Input-Choke Inductance 6 min. Henries 

D-C Output Current 100 max. Milliamperes 

t When a filter-input condenser larger than 40 (if la used, it may be necessary to use more 
plate-supply impedance than the minimum value shown to limit the peak plate current to the 
rated value* 



INSTALLATION and APPLICATION 

The base of the 5W4 fits the standard octal 
socket which should be installed to hold the tube 
preferably in a vertical position with the base 
down. Horizontal operation is permissible if pins 
2 and 8 are in a vertical plane. Physical charac- 
teristics of the 5W4 are shown in Fig 1-7. OUT- 
LINES SECTION. Refer to Type 5T4 for 
filament operation. Filter circuits are discussed 
in RADIO TUBE APPLICATIONS section. 



OPERATION CHARACTERISTICS 



TYPE 5W4 



Ef =5.0 VOLTS A.C. 



CHOKE (L) INPUT TO FILTER: 

L = 6 HENRIES (MIN.) 
— — CONOENSEO(C) INPUT TO FILTER. 

C = 4yfj TOT. EFFECT. PLATE -SUPPLY 
IMPEDANCE PER PLATE = 2S0HMS 




£ 200 ~ ~"- =»-. . , ££0__ ^ __ 



~2o 45 ts ' — 5tr 

D-C LOAD MILLIAMPERES 
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5X4-G 



FULL-WAVE HIGH-VACUUM 
RECTIFIER 




The 5X4-G is a full-wave, high 
vacuum rectifying tube of the filament 
type for use in a-c receivers having high 
current requirements. Its maximum 
ratings and typical operating conditions 
are the same as those for Type 5U4-G. The base of the 5X4-G fits the standard 
octal socket which should be mounted to hold the tube preferably in a vertical 
position. Horizontal operation is permissible if pins 2 and 7 are in a horizontal 
plane. Physical characteristics of the 5X4-G are shown in Fig. 2-26, OUTLINES 
SECTION. 
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G-5T 



FULL- WAVE HIGH-VACUUM 
RECTIFIER 

The 5Y3-G is a full-wave, high- 
vacuum rectifier of the filament type 
for use in a-c receivers of moderate 
current requirements. 



★ CHARACTERISTICS 



Filament Voltage (A.C.) . 
Filament Current 



5.0 
2.0 



5Y3-G 



Volts 
Amperes 



As Full- Wave Rectifier 



Peak Inverse Voltage 1400 max. Volts 

Peak Plate Cur rent per Plate 375 max. Milliaroperes 

Typical Operation with Condenser-Input Filter: 

A-C Plate Voltage per Plate (RMS) 350 max. Volts 

Total Effective Plate-Supply Impedance per PlateJ. 10 min. Ohms 

D-C Output Current , 125 max. Milliamperes 

Typical Operation with Choke-Input Filter: 

A-C Plate Voltage per Plate (RMS) 500 max. Volts 

Input-Choke Inductance 5 min. Henries 

D-C Output Current 125 max. Milliamperes 



t When a filter-input condenser larger than 40 iif it tned, it may be necetsary to us* mete 
plate-iupply impedance than the minimum value shown to limit the peak plate current to the 
rated value. 



INSTALLATION and APPLICATION 

The base of the 5Y3-G fits the standard octal socket which should be mounted 
to hold the tube perferably in a vertical position. Horizontal operation is permis- 
sible if pins 2 and 7 are in a horizontal plane. Physical characteristics of the 5Y3-G 
are shown in Fig. 2-21, OUTLINES SECTION. Filament operation and ventila- 
tion of the 5Y3-G are the same as for Type 5T4. Filters are discussed in the 
RADIO TUBE APPLICATIONS section. 
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5Y4-G 



FULL-WAVE HIGH-VACUUM 

RECTIFIER 

The 5Y4-G is a full-wave, rectifying 
tube of the filament type for use in 
a-c receivers of moderate current re- 
quirements. Its maximum ratings 
and typical operating conditions are 
the same as those for Type 5Y3-G. The 
base of the 5 Y4-G fits the standard octal 
socket which should be mounted to hold the tube preferably in a vertical position. 
Horizontal operation is permissible if pins 2 and 7 are in a horizontal plane. Phys- 
ical characteristics of the 5Y4-G are shown in Fig. 2-21, OUTLINES SECTION. 
Filament operation and ventilation are the same as for Type 5T4. 





FULL-WAVE HIGH-VACUUM 
RECTIFIER 

5Z!3 The 5Z3 is a full-wave rectifier of 

the filament type intended for supply- 
ing rectified power to radio equipment 
having very large direct-current re- 
quirements. Its maximum ratings 
and typical operating conditions are the same as those for the Type 5U4-G. The 
base of the 5Z3 fits the standard four-contact socket which should be mounted to 
hold the tube preferably in a vertical position with the base down. Horizontal 
operation is permissible if pins 1 and 4 are in a horizontal plane. Physical character- 
istics of the 5Z3 are shown in Fig. 2-27, OUTLINES SECTION. Filament opera- 
tion and ventilation are discussed under Type 5T4. 



AC 




FULL-WAVE HIGH-VACUUM 

RECTIFIER /li^f' 
t\J A The 5Z4 is a full-wave, high-vacuum 

sJCm^r rectifying tube of the metal type 

metai with an indirectly heated cathode. " l ' 

This tube is intended for supplying (ii-isi 
rectified power to radio equipment ^key^k 
having moderate direct-current require- 5L 
ments. 

★ CHARACTERISTICS 

Heater Voltage (A.C.) 5.0 Volts 

Heater Current 2.0 Amperes 

As Full-Wave Rectifier 

Peak Inverse Voltage 1400 max. Volts 

Peak Plate Current per Plate 375 max. Milliamperes 

Typical Operation with Condenser-Input Filter: 

A-C Plate Voltage per Plate (RMS) 350 max. Volts 

Total Effective Plate-Supply Impedance per Platet 30 mm. Ohms 

D-C Output Current 125 max. Milliamperes 

Typical Operation with Choke-Input Filter: 

A-C Plate Voltage per Plate (RMS) 500 max. Volts 

Input-Choke Inductance 5 mm. Hennes 

D-C Output Current 125 max. Milliamperes 

1 When a filter-input condenser larger than 40 «f is used, it may be necessary to use more 
plate-supply impedance than the minimum value shown to limit the peak plate current to the 
rated value. 
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INSTALLATION and APPLICATION 
The base of the 5Z4 fits the standard octal socket which may be installed to 
hold the tube in any position. Physical characteristics of the 5Z4 are shown in 
Fig. 1-7. OUTLINES SECTION. Heater operation and ventilation are discussed 
under Type 5V4-G. For discussion of rectifiers and filter circuits, refer to RADIO 
TUBE APPLICATIONS section. 



OPERATION CHARACTERISTICS 
CHOKE INPUT TO FILTER 




OPERATION CHARACTERISTICS 
CONDENSER INPUT TO FILTER 



TYPE 5Z4 Ef =5.0 VOLTS A. C. 
FILTER INPUT CONDENSER = C 
TOTAL EFFECTIVE PLATE-SUPPLY 

I IMPEDANCE PER PLAT E = 

" 30 OHMS 



40 SO 120 160 

D-C LOAD MILLIAMPERES 

S2C-4434R2 




40 BO 120 160 

D-C LOAD MILLIAMPERES 

92C-443SRI 




POWER AMPLIFIER PENTODE 

The 6A4 is a power-amplifier pen- 
tode of the 6.3-volt filament type for 
use in receivers employing a six-volt 
storage-battery filament supply. The 
6A4 is interchangeable with Type LA. 



6A4 



CHARACTERISTICS 



Filament Voltage (A.C. or D.C.) 

Filament Current 

Plate Voltage 

Screen Voltage (Grid No. 2) 
Grid Voltage* (Grid No. 1) . 

Plate Current 

Screen Current 

Plate Resistance (Approx.). . 

Transconductance 

Load Resistance 11000 

Cathode-Bias Resistor 615 

Power Output! , 0.31 



100 
100 
-6.5 
9 
1.6 
83250 
1200 



135 
135 
-9 
14 
25 
52600 
1900 
9500 
545 
0.7 



165 
165 
-11 
20 
3.5 
48000 
2100 
8000 
470 
1.2 



6.3 Volts 
0.3 Ampere 
180 max. Volts 
180 max. Volts 
-12 Volts 

22 Milliamperes 
3.9 Milliamperes 
45500 Ohms 
2200 Micromhos 
8000 Ohms 
465 Ohms 

1.4 Watts 

If the filament is a-c 



•Grid volts measured from negative end of d-c operated filament, 
operated, the tabulated values of grid bias should each be increased by 4.0 volts and be referred to 
the mid-point of filament. The d-c resistance in the grid circuit should not exceed 0.5 megohm 

1 9 per cent total harmonic distortion. 

INSTALLATION and APPLICATION 
The base of the 6A4 fits the standard five-contact socket which should be 
mounted to hold the tube preferably in a vertical position. Horizontal operation 
is permissible if pins 1 and 5 are in a vertical plane. Physical characteristics of 
the 6A4 are shown in Fig. 2-25. OUTLINES SECTION, The coated filament of 
the 6A4 is primarily intended for operation from a six-volt storage battery. Socket 
terminal No. 1 should be connected to the positive battery terminal. 
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CLASS B TWIN AMPLIFIER 

The 6A6 is a heater-cathode type of 
tube combining in one bulb two high- 
JL A Ji mu triodes designed for class B opera- 

\Jr\\J tion. The triode units have separate 

terminals for all electrodes except 
heater and cathode, so that circuit de- 
sign is similar to that of class B am- 
plifiers using two tubes. The 6A6 (with 
the two units in parallel) may also be used as a class A t amplifier to drive a 6A6 
as class B amplifier. Electrical characteristics of the 6A6 are the same as those of 
Type 6N7. The base of the 6A6 fits the medium seven-contact (0.855-inch, pin- 
circle diameter) socket which may be mounted to hold the tube in any position. 
Physical characteristics of the 6A6 are shown in Fig 2-25, OUTLINES SECTION. 
For heater operation and application, refer to Type 6N7 and to RESISTANCE- 
COUPLED AMPLIFIER CHART. 

PENTAGRID CONVERTER 

The 6A7 is a multi-electrode type 
of vacuum tube designed to perform 

i a -y simultaneously the functions of a mixer 

0/\ / tube and of an oscillator tube in super- 

w ' heterodyne circuits. For discussion 

of pentagrid types, see Frequency Con- 
version under RADIO TUBE APPLI- 
CATIONS. Except for capacitances, 
which are given below, the electrical 
characteristics of the 6A7 are identical with those of the 6A8. 

Direct Interelectrode Capacitances: 

Grid No. 4 to Plate (With shield-can) 

Grid No. 4 to Grid No. 2 (With shield-can) . -. 

Grid No. 4 to Grid No. 1 (With shield-can) 

Grid No. 1 to Grid No 2 

Grid No. 4 to All Other Electrodes (R-F Input) 
Grid No. 2 to All Other Electrodes (Osc. Output) . 
Grid No. 1 to All Other Electrodes (Osc. Input) . . 
Plate to All Other Electrodes (Mixer Output) 




0.3 
0 15 
0.15 
10 
8.5 
5.5 
7.0 
9.0 



Mil 
Mii 
Hill 
Hill 

nu( 
wf 

Mil 



INSTALLATION and APPLICATION 
The base of the 6A7 fits the seven-contact (0.75-inch pin-circle diameter) 
socket which may be installed to hold the tube in any position. Physical charac- 
teristics of the 6A7 are shown in Fig. 2-16, OUTLINES SECTION For heater 
and cathode operation, refer to Type 6A8. Complete sh elding of the 6A7 is 
generally necessary to prevent intercoupling between its circuit and the circuits 
of other stages. Application of this type is similar to that of Type 6A8. A typical 
circuit is shown under Type 6A8. 

PENTAGRID CONVERTER 

AAP The 6A8 and 6A8-G are multi-elec- 

w trode vacuum tubes. Each type is de- 

signed to perform simultaneously the 
functions of a mixer (first detector) 
tube and of an oscillator tube in super- 
heterodyne circuits. Through the use of 
either type, the independent control of 
each function is made possible within a 
single tube. For general discussion of 
>entagrid types, refer to Frequency Conversion under RADIO TUBE APPLICA- 
TIONS. 
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★ CHARACTERISTICS 

Heaths Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Type 6A8 Type 6A8-G 

Direct Interelectrode Capacitances:* 

Grid No. 4 to Plate 0.03 0.26 mm! 

Grid No. 4 to Grid No. 2 0.1 0.19 m t 

Grid No 4 to Grid No 1 0.09 0.16 wf 

Grid No. 1 to Grid No. 2 0.8 l.l m t 

Grid No. 4 to All Other Electrodes 

(R-F Input) 12.5 9.5 «if 

Grid No. 2 to All Other Electrodes Except 

Grid No. 1 (Osc. Output) 5.0 4.6 mil 

Grid No. 1 to All Other Electrodes Except 

Grid No 2 (Osc. Input) 6.5 6 mil 

Plate to All Other Electrodes (Mixer 

Output) 12.5 12 mil 

* With shell of 6A8 connected to cathode, and with doae-fitting shield on 6A8-G connected 
to cathode. 

As Frequency Converter 

Plate Voltage 300 max. Volts 

Screen Voltage (Grids No. 3 and No. 5) 100 max. Volts 

Screen Supply Voltage 300 max. Volts 

Anode-Grid Voltage (Grid No. 2) 200 max. Volts 

Anode-Grid Supply Voltage 300 max. Volts 

Control-Grid Voltage (Grid No. 4) 0 min. Volts 

Plate Dissipation 1.0 max. Watt 

Screen Dissipation 0.3 max. Watt 

Anode-Grid Dissipation 0.75 max. Watt 

Total Cathode Current 14 max. Milliamperes 

Typical Operation: 

Plate Voltage 100 250 Volts 

Screen Voltage 50 100 Volts 

Anode-Grid Voltage 100 250** Volts 

Control-Grid Voltage -15 -3 Volts 

Oscillator-Grid Resistor (Grid No. 1) 50000 50000 Ohms 

Plate Current 1.1 3.5 .Milliamperes 

Screen Current 1.3 2.7 Milliamperes 

Anode-Grid Current 2 4 Milliamperes 

Oscillator-Grid Current 0.25 0.4 Miliiampere 

Total Cathode Current 4.6 10 6 Milliamperes 

Plate Resistance (Approx.) 0.6 0.36 Megohm 

Conversion Transconductance 360 550 Micromhos 

Conversion Transconductance (Approx.) . . 3f 6ft Micromhos 

t With control-grid bias of -20 volts ffWith control-grid bias of -35 volts. 

** Anode-grid supply voltage applied through a properly by-passed 20000-ohm voltage- 
dropping resistor. 

INSTALLATION and APPLICATION 
The base of either the 6A8 or the 6A8-G fits the standard octal socket which 
may be installed to hold the tube in any position. Physical characteristics of the 
6A8 and the 6A8-G are shown in Figs. 1-5, and 2-15, respectively, in the OUT- 
LINES SECTION. 

The heater of the 6A8 or the 6A8-G is designed to operate on either a.c. or 
d.c. When either type is operated on a.c. with a transformer, the winding which 
supplies the heater circuit should operate the heater at its recommended value 
for full-load operating conditions at average line voltage. For service in auto- 
mobile receivers, these types should have their heater terminals connected directly 
across a 6-volt battery. In receivers that employ a series-heater connection, the 
heater of either the 6A8 or 6A8-G may be operated in series with the heaters of 
other types having a 0.3-ampere rating. The current in the heater circuit should 
be adjusted to 0.3 ampere for an average line voltage of 117 volts. 
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The cathode of the 6A8 and of the 6A8-G when either type is operated from 
a transformer, should preferably be connected directly to the electrical mid-point 
of the heater circuit. When either type is operated in receivers employing a 6- volt 
storage battery for the heater supply, the cathode circuit is tied in either directly 
or through bias resistors to the negative side of the d-c plate supply which is fur- 
nished either by the d-c power line or the a-c line through a rectifier. In circuits 
where the cathode is not directly connected to the heater, the potential difference 
between them should be kept as low as possible. If the use of a large resistor is 
necessary between the heater and cathode in some circuit designs, it should be 
by-passed by a suitable filter network or objectionable hum may develop. 

As a frequency converter in superheterodyne circuits, the 6A8 or the 6A8-G 
can supply the local oscillator frequency and at the same time mix it with radio- 
input frequency to provide the desired intermediate frequency. For this service, 
design information is given under CHARACTERISTICS. 

For the oscillator circuit, the coils may be constructed according to conven- 
tional design, since neither tube type is particularly critical. The supply voltage 
applied to the anode-grid No. 2 should not exceed the maximum value of 300 volts. 
In fact, from a performance standpoint, a lower value is to be preferred, because 
it will be adequate to provide for optimum translation gain. Under no condition 
of adjustment should the cathode current exceed a recommended maximum value 
of 14 milliamperes. 

The bias voltage applied to grid No. 4 can be varied from zero to cut-off to 
control the translation gain of eithei type. With lower screen voltages, the cut-off 
point is less remote. The extended cut-off feature of the 6A8 and the 6A8-G in 
combination with the similar characteristic of super-control tubes can be utilized 
advantageously to adjust receiver sensitivity. 

Typical coil data and circuit are shown below When the 6A8 is used in this 
circuit, its shell should be connected to ground. Complete shielding of the 6A8-G 
is generally necessary to prevent intercoupling between its circuits and the circuits 
of other stages. 

Since the capacitance between grid No. 4 and plate is in a parallel path with 
the capacitance and the inductance of the plate load, it is important to use a load 
capacitance of sufficient size to limit the magnitude of the r-f voltage built up 
across the load. If this is not done, r-f voltage feed-back will occur between plate 
and grid No. 4 to produce degenerative effects. For this reason, the size of the 
load condenser in the plate circuit should not be less than 50 nnt. 




Joo .too too 494 
OSCW-LATOR-GHlD MICROAMPERESUCi) 
WC-4MI 



OPERATION CHARACTERISTICS 
WITH 50O0O-OHM OSCILLATOW-aRlD LEAK 



TVK6A6 

Ef = 6.3 VOLTS H.ME VOLTS*IOO 
8CBCCN Icnibs Utt A VOtaTS *SO 

ANODE-0»IO(cmt> N!2) VOtTSHOO 
CONTHOL-CBID [SRIB N»A) VOLTSiVALUE 

r"OW CATMO0t-ilA5 REStSTOR OT 

3SO OHMS 
OSCIIXATOA-GAlOlORID N1I)LEAK« 




200 300 
IlLLATOR-GRtO MICROAMPERESIIcil 
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TYPICAL PENTAGRID CONVERTER CIRCUIT 




C = GANGED TUNING CONDENSER 

(40 TO 350 LlU.f ) 
C|,C 2 ,C 5 ,C 6 ,C 7 = 0.1 U.f 
C3= 0.00025 U-f 
C4= SEE TABLE BELOW 
R| s 250 000 OHMS, 0.1 WATT 
R 2 = 10000 - 50000 OHMS, 0.1 WATT 
R 3 = OSCILLATOR -ANODE (GRID N22) 

VOLTAGE-DROPPING RESISTOR 
R 4 = 150-300 OHMS, 0.1 WATT 
R 5 = SCREEN(CRIOS N2 315)FILTER RESISTOR 
L = 60- MILLIHENRY R-F CHOKE 
T = 465-KC I-F TRANSFORMER 



GRID NS 4 CR I D N2 2 GRIDS N2 3&5 PLATE 
BIAS SUPPLY SUPPLY SUPPLY SUPPLY 



COIL-DESIGN DETAILS 



FREQUENCY BAND 
MEGACYCLES 


015 TO 0.40 


0-55 TO 1.5 


1.5 TO 4.0 


4.0 TO 10 


10 TO 25 


ASSEMBLY N5 


1 




2 


2 


3 


3 




TURNS 


WIRE * 


TURNS 


WIRE* 


TURNS 


WIRE* 


TURNS 


WIRE # 


TURNS 


WIRE* 


TURNS 


WIRE* 


R-F COIL (Ll) 


422 


36 SSE 


116 


130 SSE 


146 


32ENAM 


36.2 


30ENAM 


10. 1 


30ENAM 


4.4 


20ENAM 


OSC. GRID COIL (L2) 


198 


36 SSE 


80 


30 SSE 
30 SSE 


92 
20 


32ENAM 


30 9 


30ENAM 


9.7 


30ENAM 


4.3 


20ENAM 


OSC. PLATE COIL (L 3 ) 


60 


36 SSE 


30 


32ENAM 


12 


30ENAM 1 


12 |36ENAM 


« 


36CNAM 


OSC. TRACKING C0ND.(C 4 ) 


117 UUf 


400 UUf 


1070 U-U-f 


2900 V Uf 


7300 Wf 



MULTI-LAYER COILS 



SINGLE-LAYER COILS 



SINGLE -LAYER COILS 



GRID N9U L OT J - : 
CATHODE Sw—J- g 

B+ ~~^=^-L 3 
GRID N«2^ 




r-.oos 

j APPROX* 



-It— '^2 



CATHODE 
RID N22 



<*"> w 1 CATHODE^B* 




6A8-GT 



PENTAGRID CONVERTER 

The 6A8-GT is a multi-electrode 
tube designed to perform simultane- 
ously the functions of mixer tube and 
of oscillator tube in superheterodyne 
circuits. For general discussion of 
pentagrid converters, see Frequency 
Conversion under RADIO TUBE 
APPLICATIONS. Physical charac- 
teristics of the 6A8-GT are shown in Fig. 2-6, OUTLINES SECTION. Maximum 
Ratings and Typical Operation for the 6A8-GT are the same as for the 6A8. 




ELECTRON-RAY TUBE 

6AB5/6N5 is the new designation 
for the electron-ray tube 6N5. See . A nr i/ klc 
type 6N5 for further data. Physical OAbD/OlNO 
characteristics of the 6AB5/6N5 are 
shown in Fig. 2-18, OUTLINES 
SECTION. 
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6AB7/1853 



MCTAl 




8N 



TELEVISION AMPLIFIER 
PENTODE 

The 6AB7 is a pentode of the single- 
ended metal type for use in television 
receivers. Because of its extended cut- 
off characteristic, it is recommended 
for use in the r-f and i-f stages of the 
pic ure amplifier of such receivers, par- 
tial larly those employing automatic 
gain control. The 6AB7 c an also be used as a mixer and makes a good oscillator in 
low-voltage applications. The shielded-construction features of the 6AB7 are similar 
to those of the 6AC7/1852. 

CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 

Heater Current 

Grid-Plate Capacitance" 

Input Capacitance" 

Output Capacitance" 

* With shell connected to cathode. 



6.3 
0.45 

0.015 max. mii 



Volts 
Ampere 



w»f 
«*f 



Condition 1 1 


Condition II tt 


300 


300 


Volts 


0 


0 


Volts 


200 


300* 


Volts 




30000 


Ohms 


-3 


-3 


Volts 


0.7 


0.7 


Megohm 


5000 


5000 


Micromhoa 


-15 


-22.5 


Volts 


12.5 


12.5 


Milliamperes 


3.2 


3.2 


Milliamperes 



As Class A, Amplifier 

Plate Voltage 300 max. Volts 

Screen Voltage 200 max. Vo ts 

Screen Supply Voltage 300 max. Volts 

Plate and Screen Dissipation (Total) 4.4 max. Watts 

Screen Dissipation 0.65 max. Watt 

Typical Operation: 

Plate Voltage 

Suppressor Voltage 

Screen Supply Voltage 

Screen Series Resistor 

Grid Voltage 

Plate Resistance (Approx.) 

Transconductance 

Grid Bias for Transcon- 
ductance— 50 micromhos .... 

Plate Current 

Screen Current 

1 With fixed screen supply. tt With series screen resistor. 

♦ Screen supply voltages in excess of 200 volts require the use of a series dropping resistor to 
limit the voltage at the screen to 200 volta when the plate current is at its normal value of 12.5 
milliamperes. 

INSTALLATION and APPLICATION 

The base of the 6AB7 fits the standard octal socket which should be mounted 
to hold the tube preferably in a vertical position. Horizontal operation is permis- 
sible if the socket is positioned so that pins No. 2 and 7 are : in a r vertical plane. 
Physical characteristics of the 6AB7 are shown in Fig. 1-3, OUTLINES SECTION. 
For heater operation and cathode connection, refer to Type 6AG7. 

Control-grid bias may be obtained by means of a cathode-bias resistor ad- 
justed to give a plate current of 12.5 milliamperes, or from a fixed source, depending 
on the application. 

In tubes such as the 6AB7 with a very high value of transconductance, 
appreciable changes in input capacitance and input conductance occur with changes 
in plate current. In order to minimize these changes when the 6AB7 is used as 
an r-f or i-f amplifier, a portion of the cathode-bias resistor may be left unby-passed. 
Reducing the changes of input capacitance and input conductance in this manner, 
however, is . accomplished with some sacrifice in effective transconductance and 
some increase in effective grid-plate capacitance. To prevent excessive effective 
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grid-plate capacitance, precautions should be observed to keep external plate- 
cathode capacitances at a minimum. It should be observed that with this method 
of minimization, the cathode is not at a-c ground potential. Because of this fact, 
the most favorable connection of the tube electrodes will be obtained with sup- 
pressor and screen at a-c ground potential as shown in the circuit diagram below. 

In some installations having automatic bias control which provides a fixed 
minimum bias adequate to limit plate current to 12.5 milliamperes, and also using 
a 30000-ohm series screen resistor, the cathode may be connected through an unby- 
passed resistor to ground. This resistor may conveniently form partof the fixed 
minimum bias. Such an arrangement serves to minimize changes of input capac- 
itance and input conductance. 

The d-c resistance in the grid circuit should not exceed 0.25 megohm with 
fixed bias. When full cathode bias and a series screen resistor are used, the d-c 
resistance may be as high as 0.5 megohm. 

The screen voltage may be obtained from a potentiometer, a bleeder across 
the B-supply source, or through a series resistor. Use of the series screen resistor 
(Condition II) provides a somewhat more extended cut-off characteristic than is 
obtained with fixed screen voltage (Condition I). 

The suppressor should be connected directly to ground in r-f and i-f circuits 
to minimize feedback. 

As an amplifier, the 6AB7 is especially useful in the r-f and i-f stages of the 
picture amplifier of television circuits employing automatic gain control. 

In circuits where changes of input capacitance and input conductance are not 
minimized by a partially unby-passed cathode-bias resistor, it will be advisable to 
operate the 6AB7 with circuits heavily loaded with resistance and capacitance. 
Although such circuits' minimize the effect of the relatively small variations in 
tube capacitance and conductance, they also cause some sacrifice in gain . 





AUTOMATIC GAIN 
CONTROL VOLTAGE 



HIGH-MU 
POWER AMPLIFIER TRIODE 

The 6AC5-G is a high-mu triode de- 
signed for use in either single-ended or 
push-pull audio-frequency power am- 
plifiers. It is especially useful in 
direct-coupled circuits in which the 
driver tube develops positive grid bias for a single 6AC5-G. 
service, conventional zero-bias operation is employed. 

CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 

Heater Current 

Average Characteristics: 

Plate Voltage 

Grid Voltage 

Plate Resistance 

Amplification Factor 

Transconductance 

Plate Current 

Grid Current 



6AC5-G 



In push-pull class B 



6.3 


Volts 


0.4 


Ampere 


250 


Volts 


+13 


Volts 


36700 


Ohms 


125 




3400 


Micromhos 


32 


Milliamperes 


5 


Milliamperes 
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As Class B Power Amplifier 

Plate Voltagb 250 max. 

Peak Plate Current (Per tube) 110 max. 

Average Plate Dissipation 10 max. 

Typical Operation: 

Values are for two tubes 

Plate Voltage 250 

Grid Voltage 0 

Peak A-F Grid-to-Grid Voltage 70 

Zero-Signal D-C Plate Current 5 

Effective Load Resistance (Plate-to-plate) 10000 

Power Output (Approx.)* 8 

* With peak input of 950 milliwatts applied between grids. 



Volts 

Milliampere8 
Watts 



Volts 
Volts 
Volts 

Milliamperes 

Ohms 

Watts 



INSTALLATION and APPLICATION 

The base of the 6AC5-G fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6AC5-G are shown 
in Fig 2-17, OUTLINES SECTION. For heater operation, refer to Type 6K6-G. 
Cathode connection is the same as that for Type 6A8. 

In push-pull class B service, the 6AC5-G should be operated as shown under 
CHARACTERISTICS. 

In direct-coupled power amplifier service, a single 6AC5-G is preceded by a 
Type 76 in the dynamic-coupled circuit shown below. Bias voltage for both tubes 
is developed by the elements of the circuit which are common to both tubes. The 
total d-c resistance in the grid circuit 
of the driver should not exceed one 
megohm. The main purpose of the 
25000-ohm resistor is to prevent a 
current surge occurring while the tube 
is warming up. In this service, the 
maximum plate voltage is 250 volts, 
the maximum average plate dissipa- 
tion is 10 watts, the average plate 
current is 32 milliamperes, and the 
average plate current of driver is 5.5 
milliamperes. With an input signal 
to the driver of 16.5 volts (rms) and 

a load resistance of 7000 ohms, the power output is 3.7 watts with 10% distortion. 
When the driver tube is operated up to the grid-current point, a power output of 
4.3 watts with approximately 16% distortion may be obtained 





8N 



TELEVISION AMPLIFIER 
PENTODE 

O A 0-/ / 1 0 O Z The 6AC7 is a pentode of the single- 
mctai ended metal type for use in television 

receivers. It is recommended for use 

in the r-f and i-f stages of the picture 

amplifier of such receivers as well as in 

the first stages of the video amplifier. 
The 6AC7 can also be used as a mixer and is a good oscii. tor in low-voltage 
applications. 

The 6AC7 has the same electrode assembly as the RCA-1851, but a special 
shielded-lead construction has been employed in the 6AC7, to permit bringing out 
the control-grid lead to a base pin rather than to a pin cap, without increase in the 
grid-plate capacitance. From a circuit standpoint, the proximity of grid pin to 
cathode pin simplifies wiring and decreases the size of the inductance loop connect- 
ing the input circuit to the tube. These are features important at high frequencies 
because they provide decreased feedback and improved circuit stability. 
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6.3 
0.45 
0.015 max. 
11 
5 



Volts 

Ampere 

mil 

Ultt 

lint 



300 max. 
150 max. 
300 max. 
3.4 max. 
0.38 max. 

Condition II** 



Volts 

Volts 

Volts 

Watts 

Watt 



CHARACTERISTICS 

Heater Voltage (A C. or D.C.) 

Heater Current 

Grid-Plate Capacitance" 

Input Capacitance" 

Output Capacitance" 

0 With abell connected to cathode. 

As Class A Amplifier 

Plate Voltage 

Screen Voltage 

Screen Supply Voltage 

Plate and Screen Dissipation (Total) 

Screen Dissipation 

Typical Operation: 

Condition I* 

Plate Voltage 

Suppressor Voltage 

Screen Supply Voltage 

Screen Series Resistor 

Cathode-Bias Resistor 

Plate Resistance (Approx.) 

Transconductance 

Plate Current 

Screen Current 

* With fixed screen supply. ** With series screen resistor. 

t Screen supply voltages in excess of 150 volts require use of a series dropping resistor to 
limit the voltage at the screen to 150 volts when the plate current is at its normal value of 10 
milHamperes. 

INSTALLATION and APPLICATION 

The base of the 6AC7 fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position. Horizontal operation is permis- 
sible if the socket is positioned so that pins No. 2 and 7 are in a vertical plane. 
Physical characteristics of the 6AC7 are shown in Fig. 1-3, OUTLINES SECTION. 
For heater operation and cathode connection, refer to Type 6AG7. 

Voltage supply considerations are similar to those for Type 6AB7. In video 
stage" the cathode-bias resistor should not be by-passed if it is desired to have 
degeneration and freedom from distortion. .When, however, no degeneration and 
maximum amplitude are desired, the cathode-bias resistor should be by-passed 
with a large condenser (350 m0. 



AVERAGE PLATE CHARACTERISTICS 



300 


300 


Volts 


0 


0 


Volts 


150 


300t 


Volts 




60000 


Ohms 


160 min. 


160 min. 


Ohms 


0.75 


0.75 


Megohm 


9000 


9000 


Micromhos 


10 


10 


Milliamperes 


2.5 


2.5 


MilHamperes 
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As an amplifier, the 6AC7 is especially suited for use in the r-f and i-f stages of 
the picture amplifier of television receivers and may also be used in the first video 
stages when several such stages are used. The use of the 6AC7 as a high-gain 
audio amplifier is not recommended unless the heater is operated from a battery 
source. Additional information on application of the 6AC7 is the same as shown 
for Type 6AB7. 



AMPLIFIER TRIODE 

The 6AE5-GT is a low-mu amplifier 
triode of the heater-cathode type in- p ( 3 
. . __ tended for use in a-c/d-c receivers. The 

6AE5-GT base of the 6AE5-GT fits the standard 

octal socket which may be mounted to h v5 
hold the tube in any position. Physical 
characteristics of the 6AE5-GT are 
shown in Fig. 2-8, OUTLINES SEC- 
TION. For heater operation and cath- 
ode connection, refer to Type 6A8. The 6AE5-GT may be used as a 
Type 25AC5-GT. 

CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 

Heater Current 0.3 

Plate Voltage 95 

Grid Voltage* -15 

Plate Current 7 

Amplification Factor 4.2 

Plate Resistance 3500 

Transconductance 1200 

* The d-c resistance in the grid circuit should not exceed 1.0 megohm. 




driver for the 



Volts 
Ampere 
Volts 
Volts 

Milliamperes 

Ohms 
Micromhos 



RCg, TA 

ELECTRON-RAY TUBE 

Twin Indicator Type »cua^\ x 1 1 ' Y\ 

6AF6-G The 6AF6-G is a high-vacuum, h ^AnVVWW 
heater-cathode type of tube designed vT r ® 
to respond , visually, by means of two nc^key k 

shadows on a fluorescent target, to 7 A G 
changes in the voltages applied to the 
control electrodes. The tube, therefore, is a voltage indicator and as such is partic- 
ularly useful as a convenient and non-mechanical means to indicate accurate tuning 
of a receiver to the desired station. Features of the 6AF6-G are its small size and 
its flexibility of application. 

CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.15 Ampere 

As Tuning Indicator 

TinmrVniTirt /135 Wfl*. VoltS 

TARGET VOLTAGE , \ 90 mm. Volts 

Ray-Control Electrode Supply Voltage 135 max. Volts 

Typical Operation: 

Target Voltage 100 135 Volts 

Target Current" 0.9 1.5 Milliamperes 

Ray-Control Electrode Voltage (Approx.)t 60 81 Volts 
Ray-Control Electrode Voltage (Approx.) j 0 0 Volts 

" With 0 Tolts on ray-control electrode. 

t For shadow angle of 0* produced by either ray-control electrode. 
For shadow angle of 100° produced by either ray-control electrode. 
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AVERAGE CHARACTERISTICS 



INSTALLATION tmd APPLICATION 

The base of the 6AF6-G fits the standard octal socket which may be mounted 
to hold the tube in any position. The plane through the ray-control electrodes 
passes through pins 3 and 7. Physical characteristics of the 6AF6-G are shown 
in Fig. 2-1. OUTLINES SECTION. Heater operation is the same as for Type 
6D8-G. For cathode connection, refer to Type 6A8. 

The ray-control electrodes may be tied together to give twin shadows or they 
may be connected to separate control tubes to give two independently controlled 
shadows. In either case, the voltage or volt- 
ages required for control are supplied to the 
6AF6-G through one or more voltage amplifier 
tubes. A typical circuit for the 6AF6-G is shown 
below. For further information on the perform- 
ance of tuning indicators, refer to Type 6E5. 



TYPE 6K7 
TRIODE 
CONNECTED 




R-TYPIC AL VALUE IS O.S MEGOHM 




HAY-CONTROL ELECTRODE VOLTS 
92C-4909 




VIDEO POWER 
AMPLIFIER PENTODE 



6AG7 



8Y 



RCA-6AG7 is a heater-cathode type 
of metal tube intended for use primar- 
ily in the output stage of the video 
amplifier of television receivers. It 
may also be used advantageously in 
television transmitters as a coupling 
device between video-frequency stages and transmission lines. 

The design of the 6AG7 features not only an exceedingly high value of trans- 
conductance but also high plate-current capability. As a result, a large voltage 
for modulating a Kinescope can be built up across the relatively low load resistance 
required for coupling the 6AG7 to the Kinescope. 



★ CHARACTERISTICS 

Heater Voltagb (A.C. or D.C.) 6.3 Volts 

Heater Current 0.65 Ampere 

Direct Interelectrode Capacitances: 

Grid to Plate 0.06 max. upl 

Input 12.5 iitf 

Output 7.5 «if 

Grid to Screen (Approx.) . 5.8 nni 

Grid to Cathode (Approx.) 5.2 nnf 

Heater to Cathode (Approx.) 10.7 ««f 

Average Characteristics: 

Plate Voltage 300 Volts 

Screen Voltage 300 Volts 

Grid Voltage -10.5 Volts 

Interlead Shield Connected to cathode at ground 

Plate Resistance 0.1 Megohm 
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Transconductance 7700 Micromhos 

Plate Current 25 Milliamperes 

Screen Current 6.5 Milliamperes 

As Video Voltage Amplifier — Class A, 

Plate Voltage 300 max. Volts 

Screen Voltage 300 max. Volts 

Plate Dissipation 8.7 max. Watts 

Screen Input 2 max. Watts 

Typical Operation in 4-Mc Bandwidth Amplifier: 

Grid-Leak ' Cathode 

Bias} Bias 

Plate-Supply Voltage 300 300 Volts 

Screen Voltage 125° 125°° Volts 

Grid Voltage 0* -2 Volts 

Grid Resistor 0.25-0.5 Megohm 

Cathode Resistorjt 57 Ohms 

Interlead Shield Connected to ground 

Grid Signal Swing (Peak to peak) 4 4 Volts 

Plate Current 52* 28 Milliamperes 

Screen Current 15* 7 Milliamperes 

Load Resistance 3500 3500 Ohms 

Voltage Output (Peak to peak) 140 140 Volts 

{Intended for use where d-c restoration is accomplished in the grid circuit of the 6AG7. 
•Obtained from supply having good regulation. 
•"Obtained preferably from plate supply through aeries resistor. 
•Zero-signal value. 
ttBy-passed by 250 ixi, approx. 

INSTALLATION 

The base of the 6AG7 fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position with the base either up or down. 
Horizontal operation is permissible if the socket is positioned so that pins No. 2 
and No. 7 are in a vertical plane. Physical characteristics of the 6AG7 are shown 
in Fig. 1-7, OUTLINES SECTION. 

The heater of the 6AG7 is designed to operate on either a.c. or d.c. Undo- 
any condition of operation, the heater voltage should not deviate more than plus 
or minus 10% from the normal value of 6.3 volts. 

The cathode when the 6AG7 is operated from a transformer, should be con- 
nected through a bias source either to one side or to the electrical mid-point of the 
heater circuit. In the case of d-c operation from a 6-volt storage battery, the 
cathode circuit should be tied through a bias source to the negative battery terminal. 
The potential difference between heater and cathode should be kept as low as 
possible. 

Control-grid bias may be obtained from a fixed supply, from a cathode resistor, 
or from a variable voltage supplied for automatic control purposes. In video use, 
the latter method provides for control of the picture background. With the cathode- 
resistor bias- method, the resistor should not be by-passed if it is desired to have 
degeneration and freedom from distortion. When, however, no degeneration and 
maximum signal amplitude are desired, compensation can be provided by utilizing 
filters with equal time constants in the cathode circuit and in the plate circuit. 

The screen voltage for the 6AG7 operated with fixed bias or cathode-resistor 
bias, should preferably be obtained through the use of a resistor in series with the 
high-voltage B-supply, The use of a series screen resistor requires the use of a large 
by-pass condenser in the screen circuit. The size of the by-pass condenser can be 
reduced if a suitable compensating filter is used in the plate circuit. When the 
bias for the 6AG7 is obtained by the automatic background-control method, it is 
recommended that the screen voltage be obtained from a source of good regulation. 

The interlead shield is connected within the tube to pin No. 3. This pin 
should be grounded at the socket to provide a shield between the grid and heater 
(pin No. 2). 

APPLICATION 

As a video amplifier, the 6AG7 is especially designed for use in the final video 
stage to modulate the Kinescope in a television receiver. In such service, the 
6AG7 will provide adequate modulating voltage without frequency discrimination 
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over the wide bandwidth required for high-definition television reception. The 
extremely high transconductance and the large plate current of this tube make 
possible relatively high voltage gain with the low load resistance needed to give 
uniform output over the wide frequency range. A typical circuit showing suitable 
constants for a video amplifier is shown below. 



TYPICAL VIDEO VOLTAGE AMPLIFIER 
HAVING BANDWIDTH OF 4 MEGACYCLES 




c. 
c. 

Li 
Li 



< 9.5 nnt - Tube Capacitance + Socket Capacitance + Wiring Capacitance + 
Coil Capacitance 

■ 19 wif - Kinescope Capacitance + Socket Capacitance + Wiring Capacitance + 
Coil Capacitance 

. 250 ith Filter Induct 01, Rl ~ 20000-Ohm, Non-Reactive Resistor 

> 125 ph Filter Inductor R » "* 3500-Ohm, 10- Watt, Non-Reactiva Resistor 

% AVERAGE PLATE CHARACTERISTICS 



S 



< 10 



TYPE 6AG7 
Ef = 6.3 VOLTS 
SCREEN VOLTS s ISO 
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PLATE VOLTS 




QIRECT-COUPLED 
POWER AMPLIFIER 



6AS 



6B5 



The 6B5 is a multi-electrode tube 
of the heater-catnode type consisting 
of two triodes in i£>ne bulb and used 
chiefly for replacement in receivers 
designed for its char'a'Steristics. One 
triode, the driver, is directly connected withirt, the tube to the second, or output, 
triode. Electrical characteristics of the 6B5 are v id enti «u with those of the 6N6-G. 

The base of the 6B5 fits the standard six-conta,ct socket which may be mounted 
to hold the tube in any position. Physical characteristics of the 6B5 are shown 
in Fig. 2-25. OUTLINES SECTION. For heater operation, see Type 6N7 
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6B6-G 



DUPLEX-DIODE HIGH-MU 

TRIODE 

The 6B6-G is a heater-cathode type 
of tube consisting of two diodes and 
a high-mu triode in one bulb. It is 
for use as a combined detector, ampli- 
fier, and automatic-volume-control 
tube. For diode-detector considera- 
tions, refer to RADIO TUBE APPLI- 
CATIONS section. 




6-7V 



★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Triodt: Grid-Plate Capacitance* 1.3 w»f 

Grid-Cathode Capacitance* 2.7 ntf 

Plate-Cathode Capacitance* 4.5 mif 

* With close-fitting shield connected to cathode. Values are approximate. 

Triode Unit — As Class A t Amplifier 

Plate Voltage 250 max. Volts 

Grid Voltage -2 Volts 

Plate Current 0.9 Milliampere 

Plate Resistance 91000 Ohms 

Amplification Factor 100 

Transconductance 1100 Micromhos 

Diode Units 

The two diode plates are placed around a cathode;, the sleeve of which is com- 
mon to the triode unit. Each diode plate has its owr. base pin. Diode biasing of 
the triode unit of the 6B6-G is not suitable. Operation curves for the diode units 
are given under Type 6B7. 

INSTALLATION and APPLICATION 

The base of the 6B6-G fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6B6-G are shown 
in Fig. 2-15, OUTLINES SECTION. Heater operation and cathode connection 
are the same as for Type 6A8. Application of the 6B6-G is similar to that of Type 
6SQ7. 



DUPLEX-DIODE PENJ0DE 




The 6B7 is a heater-cathode type of 
AD7 tube consisting of two diodes and a 

KJVf pentode in a single envelope. It is 

used as a combined detector, amplifier 
(radio-, intermediate-, or audio-fre- 
quency), and autorViatic-volume-control 
tube in a-c receivers having a 6 3-volt 
heater supply. Its electrical characteristics, except for capacitances, are identical 
with those of the 6B8-G. Capacitances of the 6B7 are given below. For diode- 
detector considerations, refer to RADIO TUBE APPLICATIONS section. Instal- 
lation is discussed under Typ£ 6A8 and application under Type 6B8. Physical 
characteristics of the 6B7 are 'shown in Fig. 2-16, OUTLINES SECTION. 
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AVERAGE CHARACTERISTICS 
HALF-WAVE RECHf I CAT ION-SINGLE DIOOt UNIT 



Pentode Capacitances 

Grid-Plate* 0.007 max. nrf 

Input 3.5 md 

Output 9.5 iipf 

• With shield-can. 
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92C-S278RI 



# DUPLEX-DIODE PENTODE 
G2p The 6B8 is a heater-cathode type of 
metal tube consisting of two diodes g q Q 

and a pentode in the same envelope. OuO 
» It is recommended for use as a com- 
bined detector, amplifier (radio-, inter- MtMt 
s ™-' »sp mediate-, or audio-frequency), and 
8e automatic-volume-control tube in a-c 

receivers having a 6.3- volt heater sup- 
ply. For diode-detector considerations, refer to RADIO TUBE APPLICATIONS 
section. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Pentode: Grid-Plate Capacitance* 0.005 max. nixi 

Input Capacitance* 6 wt 

Output Capacitance* 9 md 

* With shell connected to cathode. 

Pentode Unit — As Class A, Amplifier 

Plate Voltage 300 max. Volts 

Screen Voltage (Grid No. 2) 125 max. Volts 

Screen Supply Voltage 300 max. Volts 

Grid Voltage (Grid No. 1) 0 min. Volts 

Plate Dissipation 2.25 max. Watts 

Screen Dissipation 0.3 max. Watt 

Typical Operation: 

Plate Voltage 250 Volte 

Screen Voltage 125 Volts 

Grid Voltage** -3 Volts 

Plate Current 10 Milliamperes 

Screen Current 2.3 Milliamperes 

Plate Resistance (Approx.) 0.6 Megohm 

Transconductance 1325 Micromhos 

Grid Bias Vofta«e (Approx.)t -21 Volts 

t For cathode current cut-off. 

*• The d-c retUtmc* in the grid circuit, should not exceed 1.0 megohm. 
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Diode Units 

Two diode plates are placed around a cathode, the sleeve of which is common 
to the pentode unit. Each diode plate has its own base pin. Operation curves for 
the diode units are given under Type 6B7. 

INSTALLATION and APPLICATION 

The base of the 6B8 fits the standard octal socket which may be installed to 
hold the tube in any position. Physical characteristics of the 6B8 are shown in 
Fig. 1-5, OUTLINES SECTION. Heater operation and cathode connection 
are the same as for Type 6A8. 

For detection, the diodes of this tube may be utilized in a full-wave circuit 
or in a half-wave circuit. In the latter case, one plate only or the two plates in 
parallel may be employed. The use of the half- wave arrangement will provide 
approximately twice the rectified voltage as compared with the full-wave 
arrangement. < 

For automatic volume control, a rectified voltage which is dependent on the 
r-f or i-f carrier is usually emploved. This voltage may be utilized to regulate the 
gain of the r-f and/or i-f amplifier stages so as to maintain essentially constant- 
carrier input to the audio detector. Refer to discussion of automatic-volume- 
control methods in RADIO TUBE APPLICATIONS section. 

For r-f or i-f amplification, the pentode unit of the 6B8 may be employed in 
conventional circuit arrangements. It is designed so that its cut-off is somewhat 
extended to permit of moderate gain control by grid-bias variation without intro- 
ducing cross-modulation effects. The cut-off point and the ability to handle the 
larger signals may be altered by choice of screen voltage to 9uit the requirements of 
the circuit. For many types of circuits a convenient and practical method of 
obtaining the desired benefit of the extended cut-off is to supply the screen voltage 
from a high-voltage tap through a series resistor. This arrangement provides 
automatically an increase in the voltage applied to the screen as the gnd-bias is 
made more negative, with the result that the maximum signal-handling ability is 
obtained. 

For a-f amplification, the pentode unit of the 6B8 may be used in a resistance- 
coupled circuit arrangement to provide high gain under operating conditions given 
in the Resistance-Coupled Amplifier Chart. 

Typical duplex-diode pentode circuits are shown in the CIRCUIT SECTION. 
When the 6B8 is used in these circuits, its shell should be connected to ground. 



AVERAGE PLATE CHARACTERISTICS 
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# DUPLEX-DIODE PENTODE 
G2p The 6B8-G is a heater-cathode type 
of tube consisting of two diodes and a 
pentode in the same bulb. It is rec- z n O /""* 
ommended for use as a combined OfjO-C^ 
H detector, amplifier (radio-, intermed- 
iate-, or audio-frequency), and auto- 
nc matic-volume-control tube. For diode- 

e-8E detector considerations, referto RADIO 

TUBE APPLICATIONS section. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Pentode: Grid-Plate Capacitance} 0.01 max. «uf 

Input Capacitance} 3.6 mil 

Output Capacitance} ( 9.5 »«f 

t With close-fitting ahield connected to cathode. 

Pentode Unit — As Class Aj Amplifier 

Plate Voltage 300 max. Volts 

Screen Voltage (Grid No. 2) 125 max. Volts 

Screen Supply Voltage 300 max. Volts 

Grid Voltage (Grid No. 1) 0 min. Volts 

Plate Dissipation 2,25 max. Watts 

Screen Dissipation 0.3 max. Watt 

Typical Operation: 

Plate Voltage 100 250 250 Volts 

Screen Voltage 100 100 125 Volts 

Grid Voltage** -3 -3 -3 Volts 

Plate Current 5.8 6 9 Milliamperes 

Screen Current 1.7 1.5 2.3 Milliamperes 

Plate Resistance (Approx.) 0.3 0.8 0.6 Megohm 

Transconductance 950 1000 1125 Micromhos 

Grid-Bias Volt. (Approx.)f -17 -17 -21 Volts 

t For cathode current cut-off. 

** The value of the reaiatance in the grid circuit should not exceed 1.0 megohm. 

Diode Units 

Two diode plates are placed around a cathode, the sleeve of which is common 
to the pentode unit. Each diode plate has its own base pin. Operation curves 
for the diode units are given under Type 6B7. 

INSTALLATION and APPUCATION 

The base of the 6B8-G fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6B8-G are shown 
in Fig 2-15, OUTLINES SECTION. For heater operation and cathode connec- 
tion, refer to Type 6A8. 

Complete shielding of detector circuits employing the 6B8-G is generally 
necessary to prevent r-f or i-f coupling between the diode circuits and the circuits 
of other stages. Refer to APPLICATION on the Type 6B8 and to the RESIST- 
ANCE-COUPLED AMPLIFIER CHART, 
c 

DETECTOR AMPLIFIER //-r 
P 0^-J\ TRIODES OV-O 

hCIA^T^WOh The 6C5 and 6C5-G are three-elec- , 
s-ecspV'TsS trode tubes of the heater-cathode type A\l ^ C-i 
■ntewul.^.V^ey^ recommended for use as detectors, \J\*\J-\J 
sh,eud amplifiers, or oscillators. They have 

a high transconductance together with 
a comparatively high amplification factor. Except for capacitances, the electrical 
characteristics of the two types are identical. 
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★ CHARACTERISTICS 



Heater Voltage (A.C. or D.C.) 
Heater Current 



Grid-Plate Capacitance 

Grid-Cathode Capacitance 

Plate-Cathode Capacitance 

* With shell connected to cathode. 



6C5* 

2.0 
3.0 
11 



6.3 
0.3 

6C5-G" 
2.2 
4.4 
12 



Volts 
Ampere 



** With close-fitting shield connected to cathode. 



Plate Voltage 

Grid Voltage 

Plate Dissipation . . . 

Typical Operation: 

Plate Voltage 

Grid Voltage 00 .... 

Plate Current 

Plate Resistance 
Amplification Factor 
Transconductance . . 



As Class A, Amplifier 



300 max. 

0 min. 
2.5 max. 

250 
-8 
8 

10000 
20 
2000 



Volts 
Volts 
Watts 

Volts 
Volts 

Milliamperes 
Ohms 

Micromho8 



M The d-c resistance in the grid circuit should not exceed 1 megohm. 

INSTALLATION and APPLICATION 

The base of either the 6C5 or the 6C5-G fits the standard octal socket which 
may be installed to hold the tube in any position. For heater operation, and cathode 
connection, refer to Type 6A8. Physical characteristics of the 6C5 and 6C5-G 
are shown in Figs. 1-2 and 2-17, respectively, in the OUTLINES SECTION. 

As amplifiers, the 6C5 and 6C5-G are applicable to radio-frequency or 'audio- 
frequency circuits. Recommended ope ating conditions for service using trans- 
former coupling are given under CHARACTERISTICS. Operating conditions for 
the 6C5 and 6C5-G as resistance-coupled audio-frequency amplifiers are given 
in the RESISTANCE-COUPLED AMPLIFIER CHART. 

As detectors, the 6C5 and 6C5-G may be of the grid-leak and condenser or 
grid-bias type. The plate voltage for the grid-leak-condenser method should be 
45 to 100 volts. A grid leak from 0.1 to 1.0 megohm with a grid condenser of 
0.00005 to 0.0005 id is satisfactory. For the grid-bias method of detection, a plate- 
supply voltage of 250 volts may be used together with a negative grid-bias voltage 
of approximately 17 volts. The plate current should be adjusted to 0.2 milliampere 
with no input signal voltage. The grid-bias voltage may be supplied from the 
voltage drop in a resistor between cathode and ground. 

AVERAGE PLATE CHARACTERISTICS 




300 400 
PLATE VOLTS 
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1sw^ G| TRIPLE-GRID DETECTOR 

ec.r -::^k AMPLIFIER 

The 6C6 is a triple-grid tube of the Ov-O 
, . heater-cathode type recommended for 

H <J service as a biased detector in radio 

receivers designed for its character- 
6F istics. This tube is capable of deliver- 

ing a large audio-frequency output voltage with relatively small input voltage. 
Significant among its electrical features are its sharp plate current "cut-off" with 
respect to grid voltage. The 6C6 is constructed with an internal shield connected 
to the cathode within the tube. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Pentode Connection: 

Grid-Plate Capacitance* 0.007 max. mil 

Input Capacitance 5 MA ,f 

Output Capacitance 6.5 nxi 

Triode Connection -f 

Grid-Plate Capacitance 2 mil 

Grid Cathode Capacitance 3 

Plate-Cathode Capacitance 10.5 wi 

* With close fitting shield connected to cathode, 
t With screen and suppressor connected to plate. 

Other characteristics of this type are the same as for Type 6J7. 

INSTALLATION and APPLICATION 
The base of the 6C6 fits the standard six-contact socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6C6 are shown in 
Fig. 2-20 OUTLINES SECTION. For heater operation and cathode connection, 
refer to Type 6A8. Application of this type is similar to that of Type 6J7. 



K T &=Sl ' T * TWIN-TRIODE AMPLIFIER 

P ^Q/M^. _l^T) p t, The 6C8-G is a multi-electrode type 

(LI™ of vacuum tube consisting of two high- 

h0lAx??5La^) mu voltage-amplifier trades in one \J\*\J-\J 

\sL^|/v^h Du ib i t ^i] be found useful as a 

ncG^^kt voltage amplifier or as a phase inverter. 

KEY T ' Except for the common heater, each 

G-8G triode is independent of the other. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current o!3 Ampere 

Triode Unit 1 Triode Unit 2 

Grid-Plate Capacitance* 2.5 2.4 ml 

Grid-Cathode Capacitance* 3.4 2.5 aid 

Plate-Cathode Capacitance* 3.5 3.9 m i 

Grid-Grid Capacitance* 0.1 uul 

Plate-Plate Capacitance* 1.5 Mll f 

* Approximate. 

Each Triode Unit — As Class A, Amplifier 

Plate Voltage 250 max. Volts 

Grid Voltage o min. Volts 

Plate Dissipation 1,0 max. Watt 
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Typical Operation: 

Plate Voltage 250 Volts 

Grid Voltage 4.5 Volts 

Plate Current 3.2 Milhamperes 

Plate Resistance 22500 Ohms 

Amplification Factor 36 

Transconductance 1600 Micromhos 

INSTALLATION and APPLICATION 
The base of the 6C8-G fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6C8-G are shown 
in Fig. 2-15, OUTLINES SECTION. For heater operation and cathode con- 
nection, refer to Type 6A8. 

As a class Ai amplifier, the 6C8-G may be operated under conditions shown 
under CHARACTERISTICS. Additional information is given in the RESIST- 
ANCE-COUPLED AMPLIFIER CHART. In high-gain amplifiers, hum may 
be reduced or eliminated by grounding pin No. 7 (heater) or by grounding the 
arm of a potentiometer of 100 or 500 ohms connected across the heater terminals. 



AVERAGE PLATE CHARACTERISTICS 

EACH TRIODE UNIT 

type 6C8-G 

Ef= 6.3 VOLTS 



6 





TRIPLE-GRID jferVC G| 
SUPER-CONTROL AMPLIFIER P(i ^ 

The 6D6 is a triple-grid super-con- 
trol amplifier tube recommended for ( , j — ( 6 ; 
service in the radio-frequency and 
intermediate-frequency stages of radio 6F 
receivers designed for its character- 
istics. The ability of the tube to handle the usual signal voltages without cross- 
modulation and modulation distortion makes it adaptable to the r-f and i-f stages 
of receivers employing automatic volume control. The 6D6 is constructed with 
an internal shield connected to the cathode within the tube. Except for capac- 
itances, given below, the electrical characteristics of the 6D6 are identical with 
those of the 6U7-G. 

Grid-Plate Capacitance 0.007 max.* «jf 

Input Capacitance 4.7 wif 

Output Capacitance 6.5 wif 

* With close-fitting jbield connected to cathode. 
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INSTALLATION and APPLICATION 
The base of the 6D6 fits the standard six-contact socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6D6 are shown 
in Fig. 2-20, OUTLINES SECTION. For heater operation and cathode connec- 
tion, refer to Type 6A8. For control -grid bias, screen voltage, and suppressor 
connection, refer to Type 6SK7. Shielding of all stages is necessary if maximum 
gain per stage is to be obtained. Refer to APPLICATION on Type 6SK7. 




6D8-G 



PENTAGRID CONVERTER 

The 6D8-G is a multi-electrode tube 
designed to perform simultaneously the 
functions of a mixer (first detector) 
and of an oscillator tube in superheter- 
odyne circuits. The 6D8-G permits 
economy in circuit design due to the 
low heater current of 0.15 ampere. For 
general discussion of pentagrid converters, see FREQUENCY CONVERSION 
ui the RADIO TUBE APPLICATIONS section. 



G-8A 



★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volti 

Heater Current 0.15 Ampere 

Direct Interelectrode Capacitances (Approx.):* 

Grid No 4 to Plate 0.2 ««f 

Grid No. 4 to Grid No. 2 0.2 wrf 

Grid No. 4 to Grid No. 1 0.16 ntf 

Grid No. 1 to Grid No. 2 1.1 w f 

Grid No. 4 to All Other Electrodes (R-F Input) ... 8.0 w»f 
Grid No. 2 to All Other Electrodes except Grid No. 1 

(Osc. Output) 4.6 nni 

Gnd No. 1 to All Other Electrodes except Grid No. 2 

(Osc. Input) 5.5 mil 

Plate to All Other Electrodes (Mixer Output) 11.0 m < 

* With close-fitting shield connected to cathode. 

As Frequency Converter 

Plate Voltage 300 max. Volts 

Screen Voltage (Grids No. 3 and No. 5) 100 max. Volts 

Screen Supply Voltage 300 max. Volts 

Anode-Grid Voltage (Grid No. 2) 200 max. Volts 

Anode-Grid Supply VoltageJ 300 max. Volts 

Contol-Grid Voltage (Grid No. 4) 0 min. Volts 

Plate Dissipation 1.0 max. Watt 

Screen Dissipation 0.3 max. Watt 

Anode-Grid Dissipation 0.75 max. Watt 

Total Cathode Current 13 max. Milliamperes 

Typical Operation: 

Plate Voltage 135 250 Volts 

Screen Voltage 67.5 100 Volts 

Anode-Grid Supply Voltage 135 250f Volts 

Control-Grid Voltage -3 -3 Volts 

Oscillator-Grid Resistor (Grid No. 1) 50000 50000 Ohms 

Plate Current 1.5 3.5 Milliamperes 

Screen Current 1.7 2.6 Milliamperes 

Anode-Grid Current 3 4.3 Milliamperes 

Oscillator-Grid Current 0.2 0.4 Milliamperes 

Total Cathode Current 6.4 10.8 Milliamperes 

Anode grid supply voltages in exceu of 200 volts require the use of 20000-ohm voltage- 
dropping resistor by-passed by 0.1 uf condenser. 
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Plate Resistance (Approx.) 0.6 0.4 Megohm 

Conversion Transconductance 325 550 Micromhos 

Conversion Transconductance (Approx.) . . 5J 6Jt Micromhos 

The transconductance of the oscillator portion (not oscillating) of the 6D8-G is 1200 micromhos 
under the following conditions: plate voltage, 250 volts: screen voltage, 100 volts; anode-grid 
voltage, 200 volts (no voltage-dropping resistor); and oscillator-grid voltage, 0 volts. 

t With control-grid bias of -25 volts. tt With control-grid bias of -35 volts. 

INSTALLATION and APPLICATION 

The base of the 6D8-G fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6D8-G are shown 
in Fig 2-15, OUTLINES SECTION. 

The heater of the 6D8-G is designed to operate on either a.c. or d.c. For 
operation on a.c. with a transformer, the winding which supplies the heater circuit 
should operate the heater at its recommended value for full-load operating condi- 
tions at average line voltage. For service in automobile receivers, the heater term- 
inals of the 6D8-G should be connected directly across a 6ivolt battery. In receivers 
that emplov a series-heater connection, the heater of the 6D8-G may be operated 
in series with the heaters of other types having 0.15-ampere rating, or in series 
with the heaters of other types requiring more than 0.15 ampere if the 6D8-G 
heater is shunted by a suitable resistor to pass the current in excess of 0.15 ampere. 
The current in the heater circuit of the 6D8-G should be adjusted to 0.15 ampere 
for the normal supply-line voltage. The cathode connection is the same as for 
Type 6A8. Complete shielding of the 6D8-G is generally necessary to prevent 
intercoupling between its circuits and the circuits of the other stages. 

Application of the 6D8-G is the same as for Type 6A8 




ELECTRON-RAY TUBE Ox 
(Indicator Type) 

6E5 The 6E5 is a high-vacuum, heater- 

cathode type of tube designed to 
indicate visually, by means of a 
fluorescent target, the effects of a 6R 
change in the controlling voltage. 
The tube, therefore, is essentially a voltage indicator and as such is particularly 
useful as a convenient and non-mechanical means to indicate accurate tuning of a 
receiver to the desired station. The 6E5 is similar to the 6U5/6G5 except that the 
6U5/6G5 triode unit is designed with a remote plate-current cut-off characteristic. 
For discussion of Electron-Ray Tube considerations, refer to RADIO TUBE 
APPLICATIONS section. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

As Tuning Indicator 

Plate-Supply Voltage 250 max. Volts 

„ J250 max. Volts 

Target Voltage \100 Volts 

Typical Operation: „ 

Plate- and Target-Supply Voltage 100 200 250 Volts 

Series Triode-Plate Resistor 0.5 1 1 Megohm 

Target Current (Approx.) 1 3 4 Mi hamperea 

Triode-Plate Current* 0.19 0.19 0.24 Milliampere 

Triode-Grid Voltage (Approx.): 

For Shadow Angle of 0° -3.3 -6.5 -8.0 Volts 

For Shadow Angle of 90° 0 0 0 Volts 

* For zero triode-grid voltage. 
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INSTALLATION and APPLICATION 

The base of the 6E5 fits the standard six-contact socket which may be installed 
to hold the tube in any position. For convenience, the tube is usually mounted 
horizontally so that the fluorescent screen is readily visible when the receiver circuit 
is tuned. A small hood, placed over the dome and fluorescent target, will help to 
eliminate external light reflections. Physical characteristics of the 6E5 are shown 
in Fig. 2-19, OUTLINES SECTION. 

For heater operation and cathode connection, refer to Type 6A8. The bulb 
of this tube becomes hot under certain conditions of operation. Sufficient ventila- 
tion should be provided to prevent overheating. 

The visible effect is observed on the fluorescent target located in the dome of 
the bulb. The pattern on the target varies from a shaded angle of 90° with zero 
bias (off tune) to a shaded angle of approximately 0" at resonance with a strong 
carrier. Exact tuning is indicated by the narrowest shaded angle that can be 
obtained. The stronger the carrier, the narrower is the shadow. 

The diagrams below show typical tuning-indicator circuits employing the 
6E5. If the strongest carrier received produces sufficient avc voltage to exceed the 
cut-off bias value of -8 volts, the shadow area of the fluorescent target will overlap. 
To overcome this effect resistor R, should be connected, as shown, between the 
triode-unit grid and cathode in order to reduce the control voltage. The value of 



I-F TRANS. 




DIODE SECTION OF 
SECOND DETECTOR 



TO CATHODE-BIAS 
RESISTOR (Rc) 
OR GROUND 



R 
Ri 
Rt 
Ri 
R« 



/ 1.0 Megohm for B+ - 250 Volt* 

- \ 0.5 Megohm for B + - 100 Voltt 

- 0 05 Megohm (R-F Filter) 
-02 Megohm 

- Determined by teat. See text. 

- AVC Filter Resistor 




TO CATHOOE-BIAS 
RESISTOR (R C ) 
OR GROUND 

Ri - R, 

Ri + Ri - 0 2 Megohm 

Ci - 100 to 200 unT 

Cj - AVC Filter Condenser 

Ci - 0.05 to 1.0 id 

C. - Ci 



Ri may easily be determined by applying a strong signal and adjusting Rt until 
the shadow-angle is nearly zero. If the resultant value of Rj is so low as to reduce 
the avc voltage appreciably, the d-c controlling voltage for the 6E5 should be 
obtained from a tap on the diode load resistor as shown in the diagram at the right. 




S:6F5 , 
NC I6F5-G — KEY"" 

Nc:ers-GT k 



HIGH-MU TRIODES 

The 6F5, 6F5-G, and 6F5-GT are 
high-mu triodes designed for use in 
H resistance-coupled amplifier circuits. 
Except for capacitances gjven below, 
the electrical characteristics of these 
types are identical with those of Type 
6SF5. 



6F5 



6F5-G 
6F5-GT 



Grid-Plate Capacitance . . . 
Grid-Cathode Capacitance . 
Plate-Cathode Capacitance 



Type6F5* Type 6F5-G** Type6F5-GT*» 



2.3 
5.5 
4.0 



2.6 
2.2 
2.8 



2.8 
2.2 
3.2 



• With shell connected to cathode. Values are approximate. 
** With no shields. Values are approximate. 
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INSTALLATION and APPLICATION 
The base of each of these tubes fits the standard octal socket which may be 
installed to hold the tube in any position. Physical characteristics of the 6F5, 
6F5-G, and 6F5-GT are shown in Figs. 1-5, 2-15, and 2-5, respectively, in the 
OUTLINES SECTION. For heater operation and cathode connection, refer to 
Type 6A8. 

Application of these tubes is similar to that of the 6SF5. The maximum d-c 
resistance in the grid circuit should not exceed one megohm. For additional data, 
see the RESISTANCE-COUPLED AMPLIFIER CHART. 



6F6 



METAl 



POWER AMPLIFIER 
PENTODES 



The 6F6 and 6F6-G are power-ampli- 
fier pentodes of the heater-cathode 
type for use in the audio-output stage 
of a-c receivers. These types are ca- 
pable of giving large power output with 
a relatively small input voltage. Be- 
cause of the heater-cathode construction, uniformly low 
hum-level is attainable in power-amplifier design. 



6F6-G 




★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.7 Ampere 

Pentode Connection 

375 ww*. Volts 

285 max. Volts 

11 max. Watts 

3.75 max. Watts 



As Single-Tube Class A, Amplifier ■ 

Plate Voltage 

Screen Voltage (Grid No. 2) 

Plate Dissipation 

Screen Dissipation 

Typical Operation: 



Plate Voltage 

Screen Voltage 

Grid Voltage (Grid No. 1) . . 

Cathode Resistor 

Peak A-F Grid Voltage ... 
Zero-Signal Plate Current . . . 
Max.-Signal Plate Current . . 
Zero-Signal Screen Current . . 
Max.-Signal Screen Current. . 
Plate Resistance (Approx.) . . 

Transconductance 

Load Resistance 

Total Harmonic Distortion. . 
Max -Signal Power Output . . 

As Single-Tube Class A, Amplifier — Triode Connection f 

Plate Voltage 350 max. Volts 

Plate and Screen Dissipation (Total) 10 max. Watts 

Typical Operation: 

Fixed Bias Cathode Bias 



Fixed Bias 


Cathode Bias 




250 


285 


250 


285 


Volts 


250 


285 


250 


285 


Volts 


-16.5 


-20 






Volts 






410 


440 


Ohms 


16.5 


20 


16.5 


20 


Volts 


34 


38 


34 


38 


Milliamperes 


36 


40 


35 


38 


Milliamperes 


6 5 


7 


6.5 


7 


Milliamperes 


10.5 


13 


9.7 


12 


Milliamperes 


80000 


78000 






Ohms 


2500 


2550 






Micrombos 


7000 


7000 


7000 


7000 


Ohms 


8 


9 


8.5 


9 


Per cent 


3.2 


4.8 


3.1 


4.5 


Watts 



1) 



Plate Voltage 

Grid Voltage (Grid No 

Cathode Resistor 

Peak A-F Grid Voltage .-. . 
Zero-Signal Plate Current. 
Max.-Signal Plate Current 

Screen connected to plate. 



250 
-20 

20 
31 
34 



250 

650 
20 
31 
32 



Volts 
Volts 
Ohms 
Volts 

Milliamperes 
Milliamperes 
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Plate Resistance 

Amplification Factor 

Transconductance 

Load Resistance 

Total Harmonic Distortion. 
Max.-Signal Power Output . 



2600 




Ohms 


6.8 






2600 




Micromhos 


4000 


4000 


Ohms 


6.5 


6.5 


Per cent 


0.85 


0.8 


Watt 



As Push-Pull Class A! Amplifier — Pentode Connection 



Plate Voltage 

Screen Voltage . . . 
Plate Dissipation . 
Screen Dissipation 
Typical Operation: 



375 max. 

285 max. 

11 max. 

3.75 max. 

Values are for two tubes 

Fixed Bias Cathode Bias 

Plate Voltage 

Screen Voltage 

Grid Voltage 

Cathode Resistor 

Peak A-F Grid-to-Grid Voltage 

Zero-Signal Plate Current 

Max.-Signal Plate Current 

Zero-Signal Screen Current 

Max.-Signal Screen Current 

Effective Load Resistance (Plate- 
to-plate) 10000 

Total Harmonic Distortion 

Max.-Signal Power Output 



Volts 
Volts 
Watts 
Watts 



315 


315 


Volts 


285 


285 


Volts 


-24 ' 




Volts 




320 


Ohms 


48 


58 


Volts 


62 


62 


Milliampere8 


80 


73 


Milliamperes 


12 


12 


Milliamperes 


19.5 


18 


Milliamperes 


10000 


10000 


Ohms 


4 


3 


Per cent 


11. 


10.5 


Watts 



As Push-Pull Class AB, Amplifier — Pentode Connection 



Plate Voltage 

Screen Voltage . . . 
Plate Dissipation . 
Screen Dissipation 
Typical Operation: 



375 max 

285 max 

11 max 

3.75 max 

Values are for two tubes 

Fixed Bias Cathode Bias 

Plate Voltage 

Screen Voltage 

Grid Voltage 

Cathode Resistor* 

Peak A-F Grid-to-Grid Voltage 

Zero-Signal Plate Current 

Max.-Signal Plate Current 

Zero-Signal Screen Current 

Max.-Signal Screen Current 

Effective Load Resistance (Plate- 
to-plate) 10000 

Total Harmonic Distortion 

Max.-Signal Power Output 

* The value given (or the cathode resistor ii determined for a grid bias of 



Volts 
Volts 
Watts 
Watts 



375 


375 


Volts 


250 


250 


Volts 


-26 




Volts 




340 


Ohms 


82 


94 


Volts 


34 


54 


Milliamperes 


82 


77 


Milliamperes 


5 


8 


Milliamperes 


19.5 


18 


Milliamperes 


10000 


10000 


Ohms 


3.5 


5 


Per cent 


18.5 


19 


Watts 



21 volts. 



Triode Connection f 

350 max. Volts 
10 max. Watts 



As Push-Pull Class AB, Amplifier 

Plate Voltage 

Plate and Screen Dissipation (Total) 

Typical Operation: Values are for two tubes 

Fixed Bias Cathode Bias 

Plate Voltage 350 350 

Grid Voltage. . -38 

Cathode Resistor! - 730 

Peak A-F Grid-to-Grid Voltage 123 132 



Volts 
Volts 
Ohms 
Volts 



t Screen connected to plate. 

t The value given for the cathode reaiitor ia determined for a grid biaa of -36.S volts. 
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Zero-Signal Plate Current . 
Max.-Signal Plate Current 



48 

92 



50 
61 



Milliamperes 
Milliamperes 



Effective Load Resistance (Plate- 



Ohms 
Per cent 
Watts 



Total Harmonic Distortion 
Max.-Signal Power Output 



to- pi ate) . 



6000 
. 2 
13 



10000 
3 
9 



INSTALLATION and APPLICATION 



The base of either the 6F6 or the 6F6-G fits the standard octal socket which 
may be installed to hold the tube in any position! Physical characteristics of the 
6F6 and 6F6-G are shown in Figs. 1-7 and 2-21, respectively, in the OUTLINES 
SECTION. 

The heater in both types is designed to operate on either a.c. or d.c. When 
a-c operation with a transformer is used, the winding which supplies the heater 
should operate the heater at its recommended value for full load operating con- 
ditions at average line voltage. In automobile receivers, ( the heater terminals of 
both types should be connected directly across a 6-volt battery. In a series-heater 
circuit employing several 6.3-volt types and one or more 6F6's or 6F6-G's, the 
heaters of the 6F6's or 6F6-G's should be placed on the positive side. Furthermore, 
since most 6.3-volt types have 0.3-ampere or 0.15-ampere heaters, a bleeder circuit 
across these heaters is required to take care of the additional heater current of the 
6F6's or 6F6-G's. Each 6.3-volt tube of the 0.3-ampere type in the series circuit 
should, therefore, be shunted by a bleeder resistance of 16 ohms. Similarly, each 
6.3-volt tube of the 0.15-ampere type should be shunted by a bleeder resistance of 
11.5 ohms. 

For cathode connection, refer to Type 6A8. 

As class Ai power-amplifier pentodes, the 6F6 and 6F6-G may be used either 
singly or in push-pull. Recommended operating conditions are given under 
CHARACTERISTICS. 

As class A! power-amplifier triodes, the 6F6 and 6F6-G may be used either 
singly or in push-pull. For this service the screen is connected to the plate. Rec- 
ommended operating conditions are given under CHARACTERISTICS. 

As class ABi power-amplifier triodes or pentodes the 6F6 and 6F6-G should 
be operated as shown under CHARACTERISTICS. The values shown cover 
operation with fixed bias and with cathode bias, and have been determined on the 
basis of some grid-current flow during the most positive swing of the input signal 
and of cancellation of second-harmonic distortion by virtue of the push-pull circuit. 

In any service the type of input coupling used should not introduce too much 
resistance in the grid circuit. Transformer- or impedance-coupling devices are 



AVERAGE PLATE CHARACTERISTICS 



PENTODE CONNECTION 





TYPE 6F6 
Ef =6.1 VOLTS 
SCREEN VOLTS = 2 50 
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recommended. When the grid circuit has a resistance not higher than 0.1 megohm, 
fixed bias may be used: for higher values, cathode bias is required. With cathode 
bias, the grid circuit may have a resistance as high as, but not greater than, 0.5 
megohm provided the heater voltage is not allowed to rise more than 10% above 
rated value under any condition of operation. 



AVERAGE PLATE CHARACTERISTICS 

TRIODE CONNECTION 




~500 400 
PLATE VOLTS 




G3p 



TRIODE-PENTODE 

The 6F7 is a heater-cathode type of 
tube combining in one bulb a triode 
and an r-f pentode of the remote cut- 
off type. Since these two units are in- 
dependent of each other except for the 
common cathode, the 6F7 maybe adapt- 
ed to circuit design in several ways. 

CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 

Heater Current 0.3 

Direct Interelectrode Capacitances: 

Triode Unit— Grid to Plate 2.0 

Grid to Cathode 2.5 

Plate to Cathode 3.0 

Pentode Unit— Grid to Plate (With shield-can) 0.008 max. 

Input 3.2 

Output 12.5 

As Class Aj Amplifier 

Triode Unit Pentode Unit 

Plate Voltage 100 max. 100 250 max. 

Screen Voltagf (Grid No. 2) . — 100 100 max. 

Grid Voltage (Grid No. 1). . . -3 min. -3 min. -3 min. 

Plate Current 3.5 6.3 6.5 

Screen Current — 1.6 1.5 

Amplification Factor 8 — — 

Pi ate Resistance 0.016 0.29 0.85 

Transconductance 500 1050 1100 

Transconductance 

(At -35 volts bias) — 9 10 
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Volts 
Volts 
Volts 

Milliamperes 
Milliamperes 

Megohm 
Micromhos 

Micromhot 
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6F8-G 




INSTALLATION and APPLICATION 

The base fits the standard small 7-pin socket which may be installed to hold 
the tube in any position. Physical characteristics of the 6F7 are shown in Fig. 
2-16, OUTLINES SECTION. For heater operation and cathode connection, 
refer to Type 6A8. 

TWIN-TRIODE AMPLIFIER 

The 6F8-G is a multi-electrode tube 
consisting of two medium-mu voltage 
amplifier triodes in one bulb. It maybe 
used as a voltage amplifier or as a phase 
inverter. Except for the common heater, 
each triode is independent of the other. 
The heater rating and capacitances are 
given below; other characteristics for 
each triode unit are identical with those of the 6J5. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.6 Ampere 

Direct Interelectroob Capacitances:* 

Triode Unit 1 Triode Unit 2 

Grid to Plate 4.0 3.6 «if 

Grid to Cathode 3.2 3.0 «if 

Plate to Cathode : 3.2 3.8 w«f 

Grid to Grid 0.2 «if 

Plate to Plate 0.4 wif 

Grid of Unit 2 to Plate of Unit 1 0.1 ml 

* With cloae-fitting shield connected to cathode. Values are approximate. 

INSTALLATION and APPLICATION 

The base of the 6F8-G fits the standard octal socket which may be mounted 
to hold the tube in any position. Physical characteristics of thp 6F8-G are shown 
in Fig. 2-15, OUTLINES SECTION. For heater operation and cathode connec- 
tion, refer to Type 6A8, but give consideration to the greater heater current of 
the 6F8-G. As a phase inverter, the 6F8-G may be operated as shown in the RE- 
SISTANCE-COUPLED AMPLIFIER CHART. 



POWER AMPLIFIER PENTODE 

The 6G6-G is a power-amplifier p 
pentode of the heater-cathode type 
yL/"*/L - ^ N for use in the output stage of radio 
OvJO \J receivers. In applications where a mod- 
erate power output is desired, the 6G6-G 
is economical because of its low plate- 
power requirements and low heater 
current. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.)t 6.3 

Heater Current 0.15 

As Class A, Amplifier — Pentode Connection 

Plate Voltage 180 max. 

Screen Voltage 180 max. 

Plate Dissipation 2.75 max. 

Screen Dissipation 0.75 max. 

t In no case should the beater voltage fluctuate so that it exceeds 7.0 volts. 
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Typical Operation: 

Plate Voltage 135 180 Volts 

Screen Voltage (Grid No. 2) 135 180 Volts 

Grid Voltage (Grid No. 1)* -6 * -9 Volts 

Peak A-F Grid Voltage 6 9 Volts 

Zero-Signal Plate Current . 11.5 15 Milliamperes 

Zero-Signal Screen Current 2 2.5 Milliamperes 

Plate Resistance (Approx.) 0.17 0.175 Megohm 

Transconductance 2100 2300 Micromhos 

Load Resistance 12000 10000 Ohms 

Total Harmonic Distortion 7.5 10 Percent 

Max.-Signal Power Output 0.6 1.1 Watts 

* The d-c resistance in the grid circuit may be as high as 0 5 megohm with cathode bias or 
0.1 megohm with fixed bias, provided the heater voltage is not allowed to rise more than 10% 
above the rated value under any condition of operation. 

As Class A, Amplifier — Triode Connection 
(Screen tied to plate) ' 

Plate Voltage 180 max. Volts 

Plate Dissipation 2.5 max. Watts 

Typical Operation: 

Plate Voltage 180 Volts 

Grid Voltage -12 Volts 

Peak A-F Grid Voltage 12 Volts 

Zero-Signal Plate Current 11 Milliamperes 

Plate Resistance 4750 Ohms 

Amplification Factor 9.5 

Transconductance 2000 Micromhos 

Load Resistance 12000 Ohms 

Total Harmonic Distortion 5 Percent 

Max.-Signal Power Output 0.25 Watt 

INSTALLATION and APPLICATION 
The base of the 6G6-G fits the standard octal socket which may be installed 
to hold the tube in any position. Phvsical characteristics of the 6G6-G are shown 

in Fig. 2-17, OUTLINES SECTION. Heater operation is similar to that of the 
6D8-G; for cathode connection, refer to Type 6A8. Application of the 6G6-G is 
similar to that of the 6K6-G.. 



P0 2 




TWIN DIODE 



6H6 



METAL 



The 6H6 and 6H6-G are tubes of 
the heater-cathode type containing 
two diodes in one envelope. Except for 
the common heater, the two units are 
independent of each other. This- ar- 
rangement offers flexibility in design of 
circuits using these types for detection, 
low-voltage rectification, or automatic volume control. For diode-detector con- 
siderations, refer to RADIO TUBE APPLICATIONS section. 



S:6H6 v-^ EY 

INTERNAL -fiH6-G 
SHICLO - 0 " 0 ^ 



6H6-G 



* CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Direct Interelectrode Capacitances: 

Type 6H6* Type 6H6-G** 

Plate No. 1 to Cathode No. 1 ... 3.0 3.1 «if 

Plate No. 2 to Cathode No. 2 3.4 4.0 w»f 

Plate No. 1 to Plate No. 2 0.1 max. 0.1 max. y*l 

With shell connected to cathode. ** With close-fitting shield connected to cathode. 
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As Rectifier 

A-C Plate Voltage Per Plate (RMS) 

D-C Output Current Pe« Plate 



AVCRAGE CHARACTCRISTICS 
HALF-WAVE RECTIFICATION-SINGLE WODC 



117 max. Volts 

4 max. Milliamperes 

INSTALLATION ond APPLICATION 

The base of either the 6H6 or 6H6-G fits the standard octal socket which may 
be mounted to hold the tube in any position. Physical characteristics of the 6H6 
and 6H6-G are shown in Figs 1-1 and 2-17, respectively, in the OUTLINES 
SECTION. For heater operation and cathode connection, refer to Type 6A8. 

For detection, the diodes may be utilized 
in a full-wave circuit or in a half-wave circuit. 
In the latter case, one plate only, or the two 
plates in parallel, may be employed. The use of 
the half-wave arrangement will provide approx- 
imately twice the rectified voltage as compared 
with the full-wave arrangement. 

For automatic- volume control, the 6H6 and 
6H6-G may be used in circuits similar to those 
employed for any of the duplex-diode types of 
tubes. The only difference is that the 6H6 and 
6H6-G are more adaptable due to the fact that 
each diode has its own separate cathode. 

Since the diodes by_ themselves do not pro- 
vide any amplification, it is usually necessary to 
provide gain by means of a supplementary tube. 
Types such as the 6C5, 6SF5. 6SJ7, and 6SK7 
are verv suitable for this purpose. Their use in 
combination with the 6H6 or 6H6-G is similar 
to that of the amplifier sections of duplex-diode 
triode or pentode types. 




-40 -30 -20 -10 
D-C VOLTS DEVELOPED BY DIODE 

92C-4446 




, Ir DETECTOR AMPLIFIER 

OJO TRIODES 

us ™ The 6J5, 6J5-G. and 6J5-GT are 

t ir f+ triodes of the heater-cathode type (2K11^j] 

QjO"\^7 designed for use as detectors, ampli- H 

fiers, or oscillators. These tubes have N |;|j|. G v_- . v 

. ^«>t a high transconductance together with nc:6J5-gt 

Oj^'C^T a comparatively high amplification 6Q 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Type Type Type 

6J5* 6J5-G** 6J5-GT 

Grid-Plate CapacitanceCApptox,) ... 3.4 4.0 — nni 

Grid-Cathode Capacitance(Apptox.). 3.4 4.2 — «if 

Plate-Cathode Capacitance(Apptox.) 3.6 5.0 — mj« 

» With shell connected to cathode. »• With close-fitting shield connected to cathode. 

As Class A, Amplifier 

Types 6J5, 6J5-G Type 6J5-GT 

Plate Voltage 300 max. 250 max. Volts 

Grid Voltage 0 min. 0 mitt. Volts 

Plate Dissipation 2.5 max. 2.5 max. Watte 

Typical Operation (6J5, 6J5-G, 6J5-GT): 

Plate Voltage 90 250 Vo te 

Grid Voltage* 0 -8 Volte 
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Plate Current 10 9 Milliamperes 

Plate Resistance 6700 7700 Ohms 

Amplification Factor 20 20 

Transconductance 3000 2600 Micromhos 

•The d-c resistance in the grid circuit should not exceed 1.0 megohm. 

INSTALLATION and APPLICATION 

The base of each type fits the standard octal socket which may be installed to 
hold the tube in any position. Physical characteristics of the 6J5, 6J5-G, and 
6J5-GT are shown in Figs. 1-3, 2-17, and 2-8, respectively, in the OUTLINES 
SECTION. For heater operation and cathode connection, refer to Type 6A8. 
For application, see Type 6C5, and Type 6F8-G in RESISTANCE-COUPLED 
AMPLIFIER CHART. 



AVERAGE PLATE CHARACTERISTICS 





TRIPLE-GRID 
DETECTOR AMPLIFJERS 



S!6J7 
INTERNAL. c 17 . r 
SHIELD ' 6J7 6 



7R 



6J7 



MfTAl 



6J7-G 



The 6J7 and 6J7-G are triple-grid 
tubes of the heater-cathode type rec- 
ommended for service as biased detec- 
tors. In such service these tubes are 
capable of delivering a large audio- 
frequency output voltage with relatively small input. Other applications include 
their use as high-gain amplifiers. 



★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volta 

Heater Current 0.3 Ampere 

Pentode Connection: Type 6J7* Type 6J7-G 

Grid Plate Capacitance 0.005 max. 0.007 max.** «if 

Input Capacitance 7 4.6** wif 

Output Capacitance 12 12** mil 

Triode Connection: 

Grid-Plate Capacitance. 2 1.8° nfif 

Grid-Cathode Capacitance 5 2.6° md 

Plate-Cathode Capacitance 14 1.7° «if 

* With shell connected to cathode. ** With close-fitting shield connected to cathode 

° Without shield-can. 
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As Class A. Amplifier 

Plate Voltage 

Screen Voltage (Grid No. 2) 

Screen Supply Voltage 

Grid Voltage (Grid No. 1) 

Plate Dissipation 

Screen Dissipation 

Typical Operation: 

Plate Voltage 

Screen Voltage 

Grid VoltageJ 



Pentode Connection 

300 max. 

125 max. 

300 max. 

0 min. 

0.75 max. 

0.1 max. 



100 
100 
-3 



250 
100 
-3 



Volts 
Volts 
Volts 
Volts 
Watt 
Watt 

Volts 
Volte 
Volts 



Suppressor Connected to cathode at socket 



Plate Current 

Screen Current 

Plate Resistance 

Transconductance 

Grid Voltage (Approx.) 00 . . 

" For cathode-current cut-off. 



2 
0.5 
1.0 
1185 
-7 



2 
0.5 
t 

1225 
-7 



t Greater than 1.0 megohm. 



As Class A, Amplifier — Triode Connection 
(Screen and suppressor tied to plate) 

Plate Voltage 250 max. 

Grid Voltage . v 0 mm. 

Plate & Screen Dissipation (Total) 1.75 max. 

Typical Operation: 

Plate Voltage 180 250 

Grid Voltage* -5.3 -8 

Plate Current 5.3 6.5 

Plate Resistance 11000 10500 

Amplification Factor 20 20 

Transconductance 1800 1900 

I The d-c resistance in the grid circuit should not exceed 1.0 megohm. 



Milliamperes 
Milliampere 
Megohm 
Micromhos 
Volts 



Volts 
Volts 
Watts 

Volts 
Volts 

Milliamperes 
Ohms 

Micromhos 



INSTALLATION and APPLICATION 

The base of either the 6J7 or 6J7-G fits the standard octal socket which may 
be installed to hold the tube in any position. Physical characteristics of the 6J7 
and the 6J7-G are shown in Figs 1-5 and 2-15, respectively, in the OUTLINES 
SECTION. For heater operation and cathode connection, refer to Type 6A8. 

The screen voltage may be obtained from a potentiometer or bleeder circuit 
across the B-«upply source. Due to the screen -current characteristics of these tubes, 
a resistor in series with the high-voltage supply may be employed for obtaining the 
screen voltage, provided the cathode-resistor method of bias control is used. This 
method, however, is not recommended if the high-voltage B-supply exceeds 300 
volts. 

As a biased detector, the 6J7 or 6J7-G can deliver a large audio-frequency 
output voltage of good quality with a fairly small radio-frequency signal input. 
Typical recommended conditions for either of these types as a biased detector are 
as follows: 

100 
30 
-1.83 
10000 



Plate Supply* 100 

Screen Voltage 12 

Grid Voltage -1.16 

Cathode Resistor 18000 

Suppressor 

Cathode Cur. (Zero Signal) 

Plate Resistor 

Blocking Condenser 

Grid Resistort 

R-F Signal (RMS)** 



250 
50 
-2 
3000 



250 Volts 
100 Volte 
-4.3 Volts 
10000 Ohms 
Connected to cathode at socket 

Milliampere 
Megohm 
ni 

Megohm 
Volts 



0.63 


0.183 


0.65 


0.43 


1.0 


0.25 


0.25 


0.50 


0.01 


0.01 


0.03 


0.03 


1.0 


0.5 


0.25 


0.25 


1.05 


1.6 


1.18 


1.37 



* Voltage at plate will be PLATE-SUPPLY voltage leas voltage drop in plate resistor caused 
by plate current. 

t For the following amplifier tube. 
** With these signal voltages modulated 20%, the voltage output under each set of operating 
conditions is 17 peak volts at the grid of the following amplifier, a value sufficient to insure full 
audio output from a Type 6F6 at 250 volts on plate. 
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Detector bias may be obtained from a bleeder circuit, from a resistor in the 
cathode circuit, or from a partial cathode-biasing circuit. The cathode-resistor' 
method permits of higher output at low percentage modulation, since the input 
signal may be increased almost in inverse proportion to the modulation without 
resulting in objectionable distortion. 

As audio-frequency amplifier pentodes in resistance-coupled circuits, these 
tubes may be operated as shown in the RESISTANCE-COUPLED AMPLIFIER 
CHART. 

As a radio-frequency amplifier pentode, the 6J7 or 6J7-G may be used particu- 
larly in applications where the r-f signal applied to the grid is relatively low, that 
•is. of the order of a few volts. In such cases either screen or control-grid voltage 
(or both) may be varied to control the receiver volume. When larger signals are 
involved, a super-control amplifier tube should be employed to prevent the occur- 
rence of excessive cross-modulation and modulation-distortion. Recommended 
operating conditions for amplifier services are given under CHARACTERISTICS. 



AVERAGE plate: characteristics 




0 80 160 240 320 400 460 

PLATE VOLTS 92C-474I 



G2 «_r?) 3 TRIPLE-GRID 
p (iy&Tnf DETECTOR AMPLIFIER 

( -HzJ ) The 6J7-GT is a triple-grid detector iL I ~7 T 

(zXn^vWCDh amplifier of the heater type recom- OJ/ \J I 

H >-_3<; mended for service as a biased detector. 

.nteb^lCDvDk 1° such service it is capable of deliver- 
smEuo key a large audio-frequency output 

GT-7R (6J7-GT) voltage with relatively small input. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D C.) 6.3 "Volts 

Heater Current 0.3 Ampere 

Grid Plate Capacitance* 0.005 max. mil 

Input Capacitance* 5.2 nni 

Output Capacitance* 12 mil 

* With close-fitting shield connected to cathode. Values are approximate. 

As Oats A, Amplifier — Pentode Connection 

Plate Voltage 250 max. Volts 

Screen Voltage 125 max. Volts 

Screen Supply Voltage 250 max. Volts 

Grid Voltage 0 nun. Volts 
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Plate Dissipation 

Screen Dissipation 

Typical Operation: 

Values are same as those shown for Type 6J7. 



0.75 max. Watt 
0.1 max. Watt 




As Class A| Amplifier — Triode Connection 
(Screen and suppressor tied to plate) 
Maximum ratings and typical operation are the same as for the Type 6J7. 

INSTALLATION and APPLICATION 

For installation, refer to Type 6D8-G: and for application, to Type 6J7. 
Physical characteristics of the 6J7-GT are shown in Fig. 2-6, OUTLINES SECTION. 
Complete shielding of the 6J7-GT is generally necessary to prevent intercoupling 
between its circuits and the circuits of other stages. 



HI-MU TRIODE 

6K5-G The 6K5-G is a high-mu triode of 

the heater-cathode type designed for 
use as a voltage amplifier in receiver 
circuits designed for its characteristics. 

CHARACTERISTICS 

Heater Voltage (A.C. or D C.) 6.3 

Heater Current 0.3 

Plate Voltage 100 250 

Grid Voltage *. -1.5 -3 

Plate Current 0.35 1.1 

Plate Resistance 78000 50000 

Amplification Factor 70 70 

Transconductance 900 • 1400 

Grid-Plate Capacitance* 2,0 

Grid-Cathode Capacitance* 2.4 

Plate-Cathode Capacitance* 3.6 

* With no shield. Values are approximate. 

INSTALLATION and APPLICATION 

The base of the 6K5-G fits the standard octal socket which may be mounted 
to hold the tube in anv position. Physical characteristics of the 6K5-G are shown 
in Fig. 2-15, OUTLINES SECTION. Heater operation and cathode connection 
are the same as for Type 6A8. 

As a class A, amplifier, the 6K5-G may be operated in resistance-coupled 
amplifier circuits. When the 6K5-G is used to amplify the output of the 6H6 diode, 
it is recommended that fixed bias be employed. Diode-biasing of the 6K5-G is 
not suitable because of the probability of plate-current cut-off, even with small 
signal voltages applied to the diode circuit. 



NC KEY 

G-5U 



Volts 
Ampere 
Volts 
Volts 

Milliampere 
Ohms 

Micromhos 

iutt 

wit 



6K6-G 



POWER AMPLIFIER 
PENTODE 

The 6K6-G is a power-amplifier pen- 
tode of the heater-cathode type for 
use in circuits designed for its char- 
acteristics. It is capable of delivering 
a moderate power output with a rel- 
atively small input voltage. 
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★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) / 6.3 

Heater Current 0.4 

As Class A, Amplifier 

Plate Voltage 315 max. 

Screen Voltage 285 max. 

Plate Dissipation 8.5 max. 

Screen Dissipation 2.8 max. 

Typical Operation: 

Plate Voltage 100 250 315 

Screen Voltage 100 250 250 

Grid Voltage -7 -18 -21 

Peak A-F Grid Voltage 7 18 21 

Zero-Signal Plate Current 9 32 25.5 

Max.-Signal Plate Current 9.5 33 28 

Zero-Signal Screen Current . 1.6 5.5 ' 4 

Max. -Signal Screen Current 3 10 9 

Plate Resistance 104000 68000 75000 

Transconductance 1500 2300 2100 

Load Resistance 12000 7600 9000 

Total Harmonic Distortion 11 11 15 

Max.-Signal Power Output 0.35 3.4 4.5 

INSTALLATION and APPLICATION 

The base of the 6K6-G fits the standard octal socket which may be installed 
to hold the tube in any position. Heater operation is the same as that for Type 
6A8. except for series operation. The heater of the 6K6-G may be operated in 
series with the heaters of other types having lower heater-current ratings if the 
heaters of these types are shunted with suitable resistors to pass the current in 
excess of that for which the tvpes are rated. For cathode connection, refer to 
Type 6A8. Physical characteristics of the 6K6-G are shown in Fig. 2-17, OUT- 
LINES SECTION. 

For the power amplifier stage of receivers, the 6K6-G may be used either 
singly or in push-pull combination. More than one audio stage preceding the 
6K6-G is undesirable because of the possibility of microphonic disturbances result- 
ing from the high level of amplification. 

Any conventional type of input coupling may be used provided the resistance 
added to the grid circuit by this device is not too high. Transformer- or impedance- 
coupling devices are recommended. When the grid circuit has a resistance not 
higher than 0.1 megohm fixed bias may be used; for higher values, cathode bias 
is required. With cathode bias, the grid circuit may have a resistance as high as, 
but not greater than, 1.0 megohms, provided the heater voltage does not rise more 
than 10% above the rated value under any condition of operation. 



Volts 
Ampere 



Volts 
Volts 
Watts 
Watts 

Volts 
Volts 
Volts 
Volts 

Milliamperes 

Milliamperes 

Milliamperes 

Milliamperes 

Ohms 

Micromhos 

Ohms 

Per cent 

Watts 



c 2 c, POWER AMPLIFIER PENTODE 

S/— £9 The 6K6-GT is a power-amplifier 

P (?V^T3- V\ pentode of the heater-cathode type. 

^ | It is similar to the 6K6-G but is con- > i x x f> ~r 

i "~>J j 8tructed in a smaller bulb. Physical A\ K t\ " C i I 

mC£A^/vUai)h characteristics of the 6K6-GT are W,XW W 1 

CTyrff) shown in Fig. 2-8. OUTLINES SEC- 

N c^-'KEY V -'g 3 TION. Installation and application 

_ of the 6K6-GT are the same as for the 

6-75 Type 6K6-G. 

CHARACTERISTICS 

Heater Voltage (A.C.) 6.3 Volts 

Heater Current 0.4 Ampere 

Plate Voltage 180 250 max. 250 max. Volts 

Screen Voltage 180 250 max. 250 max. Volts 
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Grid Voltage ... -13.5 -18 -16.5 Volts 

Plate Current... 18.5 32 34 Mrfiamperes 

Screen Current 3.0 £5 5J Miliiamperes 

Plate Resistance (Approx.) . 81000 68000 65000 Ohms 

Transconductance 1850 2200 2300 Micromhos 

Load Resistance 9000 7600 7000 Ohms 

Total Harmonic Distortion . 10 10 7 Paean 

Power Output 1.5 3.4 3.2 Watts 



TRIPLE-GRID 
6K7 SUPER-CONTROL AMPLIFIER 



METAl 



6K7-G 




Tbe 6K7 and 6K7-G are triple-grid 
super-control amplifiers of the heater- 
cathode type recommended for service 
in the radio- or intermediate-frequency 
stages of radio receivers. The ability 
of these tubes to handle unusual signal 
voltages without cross-modulation and 
modulation-distortion makes them adaptable to the r-f and i-f stages of receivers 
employing automatic volume control. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Type 6K7° Type 6K7-G" 

Grid-Plate Capacitance 0.005 max. 0.005 max. wrf 

Input Capacitance 7 5 mA 

Output Capacitance 12 12 mil 

* With shell connected to cathode. . . . 

<x> With cloae-fitting shield connected to cathode. The shield in the dome w connected 
internally to the cathode. 

As Class A, Amplifier 

Plate Voltage 300 max. Volts 

Screen Voltage 125 max. Vo to 

Screen Supply Voltage 300 max. Volts 

Control-Grid Voltage • „ 0 mm. Volts 

Plate Dissipation 2.75 max. Watts 

Screen Dissipation 0.35 max. Watt 

Typical Operation: „„ „„ ' ,. ti 

Plate Voltage 90 180 250 250 Volts 

Screen Voltage 90 75 100 125 Volts 

Grid Voltage -3 -3 -3 -3 Volts 

Suppressor Connected to cathode at socket 

Plate Current 5.4 4.0 7.0 10.5 Milliamperes 

Screen Current 1.3 1.0 1.7 2.6 Miniamperes 

Plate Resistance (Approx.) . . 0.3 1.0 0.8 0.6 Megohm 

Transconductance 1275 1100 1450 1650 Micromhos 

Grid Voltage (Approx.) for 

transcond. of 2 micromhos. -38.5 -32.5 -42.5 -52.5 Volts 



INSTALLATION and APPLICATION 

The base of either the 6K7 or the 6K7-G fits the standard octal socket which 
may be installed to hold the tube in any position. Physical characteristics of the 
6K7 and 6K7-G are shown in Figs. 1-5 and 2-15. respectively in the OUTLINES 
SECTION. For heater operation and cathode connection, refer to Type 6A8. 
Voltage supplies and applications are the same as for Type 6SK7. 
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GT-7R (6K7-GT) 



TRIPLE-GRID 
SUPER-CONTROL AMPLIFIER 

The 6K7-GT is a triple-grid super- 
control amplifier. It is similar in char- 
acteristics, installation, and application 
to the 6K7-G, but is somewhat smaller 
in size. Physical characteristics are 



6K7-GT 



shown in Fig. 2-6, OUTLINES SECTION. 



★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Grid-Plate Capacitance* 0.005 max. wif 

Input Capacitance* 4.6 «if 

Output Capacitance* 12 npi 

* With clow-fitting shield connected to cathode. Values are Approximate. 



As Class A, Amplifier 

Plate Voltage 250 max. Volts 

Screen Voltage 125 max. Volts 

Screen Supply Voltage 250 max. Volts 

Control-Grid Voltage 0 min. Volts 

Plate Dissipation 2.75 max. Watts 

Screen Dissipation 0.35 max. Watt 

Typical Operation: 

Plate Voltage 100 250 Volts 

Screen Voltage 100 100 Volts 

Grid Voltage -3 -3 Volts 

Suppressor Connected to cathode at socket 

Plate Current 6.5 7.0 Milliamperes 

Screen Current 1.6 1.7 Milliamperes 

Plate Resistance (Approx.) 0.25 0.8 Megohm 

Transconductance 1325 1450 Micromhos 

Grid Voltage (Approx.) for transcond. of 

2 mkromhoa -38.5 -42.5 Volts 
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6K8 



TRIODE-HEXODE 
CONVERTER 




The 6K8 is a multi-electrode tube of 
MeTAl metal construction consisting of a 

triode oscillator and a hexode mixer 
in a single envelope. The design of 
the 6K8 reduces interaction between 
the oscillator and mixer sections of the tube, and thereby permits optimum per- 
formance at the high as well as the low radio frequencies. 



8K 



★ CHARACTERISTICS 

Heater Voltage (A C. or D.C.) , 6.3 Volts 

Heater Current 0.3 Ampere 

Direct Interelectrode Capacitances (Approx.): 0 

Hexode Grid No. 3 to Hexode Plate 0.03 max. «if 

Hexode Grid No. 3 to Triode Plate 0.02 max. wi 

Hexode Grid No. 3 to Triode Grid and Hexode 

Grid No. 1 0.2 max. ««f 

Triode Grid and Hexode Grid No. 1 to Triode Plate 1.1 wif 

Triode Grid and Hexode Grid No. 1 to Hexode Plate 0.1 max. ^uf 

Hexode Grid No. 3 to All Other Electrodes = R-F 

Input 6.6 /i/if 

Triode Plate to All Other Electrodes except Triode 

Grid and Hexode Grid No. 1 = Oscillator Output 3.2 nnl 

Triode Grid and Hexode Grid No. 1 to All Other 

Electrodes except Triode Plate — Oscillator Input 6.0 mA 

Hexode Plate to All Other Electrodes = Mixer Out- 
put 3.5 niil 

* With shell connected to cathode. 



As Frequency Converter 

Hexode Plate Voltage 300 max. Volt9 

Hexode Screen Voltage (Grids No. 2 and 4) 150 max. Volts 

Hexode Screen Supply Voltage 300 max. Volts 

Hexode Control-Grid Voltage (Grid No. 3) 0 min. Volts 

Triode Plate Voltage ; 125 max. Volts 

Hexode Plate Dissipation 0.75 max. Watt 

Hexode Screen Dissipation 0.7 max. Watt 

Triode Plate Dissipation 0.75 max. Watt 

Total Cathode Current 16 max. Milliamperes 

Typical Operation: 



Hexode Plate Voltage 


100 


250 


Volts 


Hexode Screen Voltage 


100 


100 


Volts 


Hexode Control-Grid Voltage 


-3 


-3 


Volts 


Triode Plate Voltage 


100 


100 


Volts 


Triode Grid Resistor 


50000 


50000 


Ohms 


Hexode Plate Resistance (Approx.) 


0.4 


0.6 


Megohm 


Conversion Transconductance 


325 


350 


Micromhos 


Hexode Control-Grid Voltage (Approx.) 









for conversion transconductance of 2 





-30 


-30 


Volts 


Hexode Plate Current 


2.3 


2.5 


Milliamperes 


Hexode Screen Current 


6.2 


6.0 


Milliamperes 


Triode Plate Current 


3.8 


3.8 


Milliamperes 


Triode Grid and Hexode Grid No. 1 Current 


0.15 


0.15 


Milliampere 


Total Cathode Current 


12.5 


12.5 


Milliamperes 



The transconductance of the triode section, not oscillating, of the 6K8 is approximately 3000 
micromhos when the triode plate voltage is 100 volts, and the triode grid voltage is 0 volts. 
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OPERATION CHARACTERISTICS 



INSTALLATION and APPLICATION 

The base of the 6K8 fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6K8 are shown 
in Fig. 1-6, OUTLINES SECTION. Heater operation and cathode connection 
are the same as for Type 6A8. 

As a frequency conyerter in superheterodyne circuits, the 6K8 supplies the 
local oscillator frequency and mixes it with the radio-input frequency to provide 
the intermediate frequency. Design information for this service is given under 
CHARACTERISTICS. 

The stability of operation of the 6K8 is due to the fact that the oscillator 
frequency is not critical to changes in oscillator-plate voltage or signal-grid bias. 
In some circuits, changes in these voltages are due to poor power-supply regulation 
and the normal action of the avc circuit. Operation of the 6K8 with a hexode- 
screen supply of 100 volts is recommended with a plate supply of either 100 or 250 
volts. In series-fed oscillator circuits, the 100-volt hexode-screen supply may be 
taken from the same point in the power-supply 
system as are the screen supplies for the r-f and 
i-f tubes. In shunt-fed circuits, a resistor or 
choke must be used in the oscillator-plate cir- 
cuit. The common point in the supply circuit 
must be adequately by-passed to ground. 

The recommended oscillator-grid current of 
150 microamperes is obtained easily; a value be- 
low 100 microamperes is not recommended. The 
oscillator coils used with pentagrid converter 
types mav not be suitable foi the 6K8 due to 
the possibility of over-exciting the oscillator unit. 
Such coils may be used if the oscillator-plate 
voltage is reduced, or if the number of turns on 
the tickler coil or the mutual inductance be- 
tween tickler and secondary coils is reduced. 

The bias voltage applied to the hexode 
control-grid may be varied from -3 volts to 
cut-off to control the translation gain of the 
tube. The extended cut-off may be used in 
combination with that of super-control amplifier 
tubes to adjust receiver sensitivity. 



100 250. 



TYPE 6K8 
- C f =6.3 VOLTS — 

CURVE 

HEXOOE PLATE VOLTS 
TRIOOE PLATE VOLTS 100 100 

HEXODE SCREEN 

■ (GRIDS N = 2 1 «) VOLTS ,00 100' 
HEXODE CONTROL-CR(0 

(SRIO N«3)V0LTS -3 -3 
TRiODE GRID RESISTOR 

; (OHMS) 50000 50000 




0.2 0.3 0.4 
TftlOOE GRID * HEXODE OHID Nsl 
0-C MILLIAMPCftES 

9ZC-48a4RI 




G-6Q 



DETECTOR AMPLIFIER TRIODE 

The 6L5-G is a three-electrode tube 
of the heater-cathode type for use as 
an amplifier, detector, or oscillator in 
circuits designed for its characteristics. 
The low heater current is a considera- 
tion in applications where economy of 
power is important. 



6L5-G 



CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 

Heater Current 



Plate Voltage 

Grid Voltage 

Plate Current 

Plate Resistance .' 

Amplification Factor 

Transconductance 

Grid Bias Voltage (Approx.) 0 

Grid-Plate Capacitance (Approx.)* . . . 
Grid-Cathode Capacitance (Approx.)* . 
Plate-Cathode Capacitance (Approx.)* 



135 
-5 
3.5 
11300 
17 
1500 
-11 



6.3 
0.15 

250 max. 

-9 
8 

9000 
17 
1900 
-20 
2.7 
3.0 
5.0 



Volts 
Ampere 
Volts 
Volts 

Milliamperes 
Ohms 



* For cathode current cut-off. 



Micromhos 
Volte 

Mlf 
Wif 

wf 

* With close-fitting shield connected to cathode. 
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INSTALLATION and APPLICATION 

The base of the 6L5-G fits the standard octal socket which may be mounted 
to hold the tube in any position. Physical characteristics of the 6L5-G are shown 
in Fig. 2-17, OUTLINES SECTION. Heater operation and cathode connection 
are discussed under Type 6A8. 

As a class Ai amplifier, the 6L5-G may be operated in resistance-coupled 
circuits as shown in the RESISTANCE-COUPLED AMPLIFIER CHART. 



METAL 



BEAM POWER AMPLIFIERS 

AI A The 6L6 and 6L6-G are power-am- 

^ plifier tubes for use in the output stage 

of radio receivers, especially those 
designed to have ample reserve of 
power-delivering ability. The 6L6 
and 6L6-G provide high power output 
sensitivity and high efficiency. The 
power output at all levels has low third 
and negligible higher-order harmonic distortion. For discussion of beam power 
amplifier considerations, refer to section on ELECTRONS and ELECTRODES. 



6L6-G 




7AC 



★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.9 Ampere 

As Single-Tube Class A, Amplifier 

Plate Voltage 360 max. Volts 

Screen Voltage : 270 max. Volts 

Plate Dissipation 19 max. Watts 

Screen Dissipation 2.5 max. Watts 

Typical Operation: 

Fixed Bias Cathode Bias 

Plate Voltage 250 350 250 300 Volts 

Screen Voltage 250 250 250 200 Volts 

Grid Voltage -14 -18 - - Volts 

Cathode Resistor - - 170 220 Ohms 

Peak A-F Grid Voltage 14 18 14 12.5 Volts 

Zero-Signal Plate Current ... 72 54 75 51 Milliamperes 

Max.-Signal Plate Current . . 79 66 78 54.5 Milliamperes 

Zero-Signal Screen Current. . 5 2.5 5.4 3 Milliamperes 

Max.-Signal Screen Current . 7.3 7 7.2 4.6 Milliamperes 

Plate Resistance 22500 33000 - - Ohms 

Transconductance 6000 5200 - - Micromhos 

Load Resistance 2500 4200 2500 4500 Ohms 

Total Harmonic Distortion. . 10 15 10 11 Percent 

Max.-Signal Power Output . . 6.5 10.8 6.5 6.5 Watte 

As Single- Tube Class A, Amplifier — Triode Connection f 



Plate Voltage 

Plate and Screen Dissipation (Total) . 
Typical Operation: 



250 max. 
10 max. 



Volts 
Watts 



Plate Voltage 

Grid Voltage 

Cathode Resistor , 

Peak A F Grid Voltage. . . 
Zero-Signal Plate Current . , 
Max.-Signal Plate Current , 

Plate Resistance 

t Screes connected to plate. 



Fixed Bias 
250* 
-20 

20 
40 
44 
1700 
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Cathode Bias 
250 

490 
20 
40 
42 



Volts 
Volts 
Ohms 
Volts 

Milliamperes 
Milliamperes 
Ohms 
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Amplification Factor 8 

Transconductance 4700 - Micromhos 

Load Resistance 5000 6000 Ohms 

Total Harmonic Distortion . . 5 6 Per cent 

Max.-Signal Power Output . . 1.4- 1.3 Watts 

As Push-Pull Class A, Amplifier 

Plate Voltage 360 max. Volts 

Screen Voltage 270 max. Volts 

Plate Dissipation 19 max. Watts 

. Screen Dissipation 2.5 max. Watts 

Typical Operation: Values art for two tubes 

Fixed Bias Cathode Bias 

Plate Voltage 250 270 270 Volts 

Screen Voltage 250 270 270 Volts 

Grid Voltage -16 -17.5 - Volts 

Cathode Resistor - 125 Ohms 

Peak A-F Grid-to-Grid Voltage. . 32 35 40 Volts 

Zero-Signal Plate Current 120 134 134 Milliamperes 

Max.-Signal Plate Current 140 155 145 Milliamperes 

Zero-Signal Screen Current 10 11 11 Milliamperes 

Max.-Signal Screen Current 16 17 17 Milliamperes 

Plate Resistance 24500 23500 - Ohms 

Transconductance 5500 5700 - Micromhos 

Effective Load Resistance (Plate- 
to-plate) 5000 5000 5000 Ohms 

Total Harmonic Distortion 2 2 2 Per cent 

Max.-Signal Power Output 14.5 17.5 18.5 Watts 

As Push-Pull Class AB, Amplifier 

Plate Voltage 360 max. Volts 

Screen Voltage 270 max. Volts 

Plate Dissipation 19 max. Watts 

Screen Dissipation 2.5 max. Watts 

Typical Operation: Values are for two tubes 

Fixed Bias Cathode Bias 

Plate Voltage 360 360 360 Volts 

Screen Voltage 270 270 270 Volts 

Grid Voltage -22.5 -22.5 - Volts 

Cathode Resistor - - 250 Ohms 

Peak A-F Grid-to-Grid Voltage.. 45 45 57 Volts 

Zero-Signal Plate Current 88 88 88 Milliamperes 

Max.-Signal Plate Current 132 140 100 Milliamperes 

Zero-Signal Screen Current 5 5 5 Milliamperes 

Max.-Signal Screen Current 15 11 17 Milliamperes 

Effective Load Resistance (Plate- 
to-plate) 6600 3800 9000 Ohms 

Total Harmonic Distortion 2 2 4 Percent 

Max.-Signal Power Output 26.5 18 24.5 Watts 

As Push-Pull Class AB, Amplifier 

Plate Voltage 360 max. Volts 

Screen Voltage 270 max. Volts 

Plate Dissipation 19 max. Watts 

Screen Dissipation 2.5 max. Watts 

Typical Operation: Values are for two tubes 

Fixed Bias 

Plate Voltage 360 360 Volts 

Screen Voltage 225 270 Volts 

Grid Voltage -18 -22.5 Volts 

Peak A-F Grid-to-Grid Voltage 52 72 Volts 
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Zero-Signal Plate Current 78 88 Milliamperes 

Max.-Signal Plate Current 142 205 Milliamperes 

Zero-Signal Screen Current 3.5 5 Milliamperes 

Max. -Signal Screen Current 11 16 Milliamperes 

Effective Load Resistance (Plate-to-plate). 6000 3800 Ohms 

Peak Grid-Input Power* 140 270 Milliwatts 

Total Distortion** 2 2 Per cent 

Max.-Signal Power Output 31 47 Watts 

* Driver ttage should be capable of supplying the grids of the class ABi state with the specified 
peak values at low distortion. The effective resistance per grid circuit of the class ABi stage 
should be kept below 500 ohms and the effective impedance at the highest desired response fre- 
quency should not exceed 700 ohms. 

** With xero-impedance driver and perfect regulation, plate-circuit distortion does not exceed 
2%. In practice, plate-voltage regulation, screen-voltage regulation, and grid-bias regulation 
should be not greater than 5%, 5% and 3%, respectively. 

INSTALLATION and APPLICATION 

The base of either the 6L6 or the 6L6-G fits the standard octal socket which 
may be installed to hold the tube in any position. Physical characteristics of the 
6L6 and the 6L6-G are shown in Figs. 1-9 and 2-26, respectively, in the OUT- 
LINES SECTION. 

The heater is designed to operate at 6.3 volts. The transformer supplying 
this voltage should be designed to operate the heater at this recommended value 
for full-load operating conditions at average line voltage. Under the maximum 
screen and plate dissipation conditions, the heater voltage should never fluctuate 
so that it exceeds 7.0 volts. For cathode connection, refer to Type 6A8. 

In all services, precautions should be taken to insure that the dissipation 
rating is not exceeded with expected line-voltage variations, especially in the cases 
of fixed-bias operation. When the push-pull connection is used, fixed-bias values 
up to 10% of each typical screen voltage can be used without increasing distortion. 

As class Ai power amplifiers, the 6L6 and 6L6-G should be operated as shown 
under CHARACTERISTICS. The values cover cathode- and fixed-bias operation 
for both types where used as beam power tubes as well as where they are connected 
as triodes, and have been determined on the basis that no grid current flows during 
any part of the input signal swing. The second harmonics can easily be eliminated 
by the use of push-pull circuits.. In single-tube resistance-coupled circuits, the 
second-harmonics can be minimized by generating out-of-phase second harmonics 
in the pre-amplifier. 

As push-pull class AB, power amplifiers, the 6L6 and 6L6-G may be operated 
as shown under CHARACTERISTICS. The values shown cover cathode- and 
fixed-bias operation and have been determined on the basis that no grid current 
flows during any part of the input signal swing. 



AVERAGE PLATE CHARACTERISTICS 

WITH EC | AS VARIABLE 



TYPE 6L6 
Ef = 6.3 VOLTS 
SCREEN VOLTS = 250 




PLATS VOLTS »2C-4S»lBl 
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The type of input coupling used in class Ai and class ABi service should not 
introduce too much resistance in the grid circuit. Transformer- or impedance- 
coupling devices are recommended. When the grid circuit has a resistance not 
higher than 0.1 megohm, fixed bias may be used; for higher values, cathode bias 
is required. With cathode bias the grid circuit may have a resistance as high as, 
but not greater than, 0.5 megohm provided the heater voltage is not allowed to 
rise more than 10% above the rated value under any condition of operation. 

As push-pull class AB, power amplifiers, the 6L6 and- the 6L6-G may be oper- 
ated as shown under CHARACTERISTICS. The values cover operation with 
fixed bias and have been determined on the basis that some grid current flows 
during the most positive swing of the input signal. 

Refer to CIRCUIT SECTION for circuits employing the 6L6 or 6L6-G, and 
to the RADIO TUBE APPLICATIONS section for discussion of inverse-feedback 
arrangements. 



AVERAGE PLATE CHARACTER!! 

THIODE CONNECTION 




300" 400 
PLATE VOLTS 



600 700 
92C-4966 




PENTAGRID MIXER 
AMPLIFIERS 



6L7 



ME7A1 



6L7-G 



The 6L7 and 6L7-G are multi-elec- 
trode vacuum tubes. Each type is 
designed with two separate control 
grids shielded from each other. This 
design permits each control grid to act 
independently on the electron stream. These tubes, therefore, are especially useful 
as mixers in superheterodyne circuits having a separate oscillator stage, as well as 
in other applications where dual control is desirable in a single stage. The design 
of the tubes is such that coupling effects between oscillator and signal circuits are 
made very small. This feature enables the 6L7 and 6L7-G to give high gain in high- 
frequency circuits. For general discussion of pentagrid types, see Frequency Con- 
version in the RADIO TUBE APPLICATIONS section. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Direct Intbrblectrode Capacitances: 

Type6L7* Type 6L7-C 

0.2 max. 0.2 max. «*f 

0.001 max. 0.005 max. ml 

* With close-fitting shield connected to cathode. 



Grid No. 1 to Grid No. 3 

Grid No. 1 to Plate 

• With than connected to cathode. 
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Grid No. 3 to Plate 


0.1 


0.24 


w& 


Grid No. 1 to All Other Electrodes. . . 


7.5 


6 


hh( 


Grid No. 3 to All Other Electrodes. . . 


10 


12 




Plate to All Other Electrodes 


11 


10 


Hill 



l As Mixer 

Plate Voltage 300 max. Volts 

Screen Voltage (Grids No. 2 and No. 4) 150 max. Volts 

Plate Dissipation 1.0 max. Watt 

Screen Dissipation 1.5 max. Watts 

Typical Operation: 

Plate Voltage 250 250t Volts 

Screen Voltage 100 150f Volts 

Signal-Grid Voltage (Grid No. 1) -3 min. -6 minj Volts 

Oscillator-Grid Voltage (Grid No. 3)** . . -10 -15 Volts 
Peak Oscillator Voltage Applied to Grid 

No. 3 12 min. 18 min. Volts 

Plate Current 2.4 3:3 Milliamperes 

Screen Current 7.1 9.2 ' Milliamperes 

Plate Resistance Greater than 1 Megohm 

Conversion Transconductance 375 350 Micromhos 

Signal-Grid Voltage for Conversion Trans- 
conductance of 5 Micromhos -30 -45 Volts 

** The d-c resistance in oscillator-grid circuit should be limited to 50000 ohms, 
t Recommended values for all-wave receivers. 

As Class Ai Amplifier 

Plate Voltage , 300 max. Volt 

Screen Voltage 100 max. Volts 

Plate Dissipation 1.5 max. Watts 

Screen Dissipation 1.0 max. Watt 

Typical Operation: 

Plate Voltage 250 Volts 

Screen Voltage (Grids No. 2 and No. 4) 100 Volts 

Control-Grid Voltage (Grid No. 1) -3 Volts 

Control-Grid Voltage (Grid No. 3) -3 Volts 

Plate Current 5.3 Milliamperes 

Screen Current 6.5 Milliamperes 

Plate Resistance (Approx.) 0.6 Megohm 

Transconductance (Grid No. 1 to Plate) 1100 Micromhos 

Transconductance with -15 volts bias on Grid No. 1 5 Micromhos 

Transconductance with -15 volts bias on Grid No. 3 5 Micromhos 



INSTALLATION and APPLICATION 

The base of either the 6L7 or the 6L7-G fits the standard octal socket which 
may be installed to hold the tube in any position. Physical characteristics of the 
6L7 and the 6L7-G are shown in Figs. 1-5 and 2-15, respectively, in the OUTLINES 
SECTION. For heater operation and cathode connection, refer to Type 6A8. 

As mixers in superheterodyne circuits, the 6L7 and 6L7-G can mix the input 
from an external oscillator with the radio-input frequency to provide the desired 
intermediate frequency. For this service, design information is given under 
CHARACTERISTICS. 

As radio-frequency or intermediate-frequency amplifiers, the 6L7 and 6L7-G 
should be operated as shown under CHARACTERISTICS. In general, properly 
designed radio-frequency transformers are preferable to interstage coupling imped- 
ances, especially in cases where a high-impedance B-supply may cause oscillation 
below radio frequencies. The fact that the grid No. 1-plate capacitance of these 
types is extremely small is advantageous in circuits where high attenuation is 
required. 
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ELECTRON -RAY TUBE 
Indicator Type 



6R 



6N5 



The 6N5 is a high-vacuum heater- 
cathode tube designed to indicate 
visually, by means of a fluorescent 
target, the effects of a controlling 
voltage. The tube is a voltage indi- 
cator and as such is a convenient means to indicate accurate tuning of a radio 
receiver. For a discussion of Electron-Ray Tube considerations, see the RADIO 
TUBE APPLICATIONS section. This type has been superseded by 6AB5/6N5. 



★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 

Heater Current 0.15 

Plate-Supply Voltage 180 max. 

Target Voltage {}g° 

Typical Operation: 

Plate-and-Target Supply 135 135 

Series Triode-Plate Resistor 0.25 1.0 

Target Current t° 2 1.9 

Triode-Plate Current 0 0.5 0.13 

Triode-Grid Voltage (Approx.): 

For shadow angle of 0° -10 15.5 

For shadow angle of 90" 0 0 

t Subject to wide variations. * For zero triode grid voltage. 



Volts 

Ampere 

Volts 

Volts 

Volts 

Volts 
Megohm 
Milliamperes 
Milliampere 

Volts 
Volts 



INSTALLATION and APPLICATION 

The base of the 6N5 fits the standard 6-contact socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6N5 are shown 
in Fig. 2-19, OUTLINES SECTION. Heater operation is similar to that of the 
6D8-G; for cathode connection, see Type 6A8. 

Application and circuits are similar to those for Type 6E5. The low heater 
current makes this tube useful in applications where economy of heater power is 
important. The cut-off characteristic of the triode of the 6N5 is somewhat more 
extended than that of the 6E5. 



RCA RECEIVING TUBE MANUAL 



AVERAGE CONTROL CHARACTERISTICS 




-15 -10 

GRID VOLTS 



92C-4090HI 




DIRECT-COUPLED , T , GT( 

POWER AMPLIFIER p ^ ^' 

The 6N6-G is a multi-electrode tube 
/ k 1/ of the heater-cathode type consisting 

OINO"\«7 of two triodes in one bulb. Onetriode, H (,2> 
the driver, is directly connected with- 
in the tube to the second, or output, nc^ke-t 
triode. The 6N6-G is used chiefly for 
replacement in receivers designed for 
its characteristics. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.8 Ampere 

As Class Ai Power Amplifier 

Output-Triodb Plate (Pt,) Voltage 300 max. Volts 

Inpht-Triode Plate (Pt,) Voltage 300 max. Volts 

Input-Triode Grid (GtO Voltage 0 Volts 

Peak A-F Grid (Gt,) Voltage 21 Volts 

Gutput-Triode Plate Current 42 Milliamperes 

Input-Triode Plate Current 9 Milliamperes 

Plate Resistance 24000 Ohms 

Transconductance (Gti to Pti) 2400 Micromhos 

Amplification Factor 58 

Load Resistance 7000 Ohms 

Total Harmonic Distortion 5 Per cent 

Power Output 4 Watts 

INSTALLATION and APPLICATION 

The base of the 6N6-G fits the standard octal socket which may be mounted 
to hold the tube in any position. Physical characteristics of the 6N6-G are shown 
in Fig. 2-21, OUTLINES SECTION. Heater operation is the same as for Type 6N7. 

The 6N6-G may be operated as a class Ai power amplifier under conditions 
shown under CHARACTERISTICS. The tube operates without external bias, 
but the input-triode grid does not draw current because a bias voltage for this gnd 
is set up within the tube. If two 6N6-G's are operated in push-pull, the plate-to- 
plate load resistance should be 10000 ohms. 
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p2 °Q_J) TI CLASS B TWIN TRIODES 

5&^P ' ty S e of t 7 uh« d t mm - mit 6N7 

nr. K - ype3 01 tu ?es. Each type contains umi 
«C!\^^0h J? one envelope two high-mu tribes ™ 

r^wYS designed for class B operation. The * k. ^ 

£Sf J j!S t8 J haTe karate terminals 6N7'fi 
for all electrodes except the cathodes and Wl ~' 

„ „ * CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) c o u u 

Heater Current . . X Volts 

0.8 Ampere 

d, A* Cass B Power Amplifier 

Plate Voltage o™ 

Peak Plate Current (Per Hate) X?lf? 
Average Plate Dissipation (Per plate) F? ^amperes 
Typical Operation: 5 5 rmx - Watts 

Pla^Supply ImX^.^' " ^ oh 

Grid Voltage " ^ 300 Volts 

Peak A-F find-torrid Voltage 5 « »2 X 0 }? 8 

Zero-Signal D-C Plate Current 1% « Y&fc 

Maf-Signa^D-C Plate Current.:.' 70 ™ Mrihamperes 

Pfak Gnd Current (Per unit) Iq 99 Mdhamperes 

55Sf!^ , S|^^^"- "OS 80S ar^ 

Third Harmonic Distortion or 7 ° Percent 
Fifth Harmonic Distortion . H H Percent 
Max.-Signal Power Output in ,n Percent 
lu 10 Watts 

Plate Voltagk T . . . . * ^ ~ ^ 

Grid Voltage . 2S ® 294 Volts 

Plate Current ~g -6 Volts 

Plate Resistance .' , , Qn X , „vJ Milliamperes 

Amplification Factor 113 99 110 °0 Ohms 

Transconductance , 0 ^5 

I Maximum plate voltage - 3<X)' volt* 3200 M'CTOmhoS 
Both gnd. connected together at socket: likewise both plate,. 

n. k INSTALLATION and APPLICATION 

may Ks'tSled *£fo^F*™& % e I 0 *" «"** *"d, 

6N7 and 6N7-G are shown Tin Ffcs 1 7^JS?5 9? 1 - Ph >?? c ^ characteristics of the 
SECTION. ^" 1-7 31111 2 ' 21 . respectively, in the OUTLINES 

ployS^&Sft^es 0 ffo^o™ 1 ^. 1 " 3 S?#?» te cira * «- 
the 6N7's and 6N7-G' shoufd 12 n?£J^?£ e 6N l- or .^-G's, the heaters of 
most 6.3-volt types hav 0 3 It? thffi^.^ Furthermore, since 

is required to Scare of to ffifcSSw?** bleeder u ci rcuit across these heaters 
and 6N7-G-9. I^h^volt tubl oftoTo?^"^ 6 h ^ cun : ent of *»* ™7* 
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grid-bias, since the high-mu feature of the triode units reduces the steady plate 
current at zero bias to a relatively low value. Refer to RADIO TUBE APPLIC- 
ATIONS section for general class B amplifier design considerations. 

Two 6N7's or 6N7-G's can be operated in a class B output stage with the two 
triode units of each tube connected in parallel to give a power output of 20 watts, 
approximate, under conditions of 300 volts on the plates and of a 5000-ohm plate- 
to-plate load. 

In the second set of conditions shown under Typical Operation, the plate- 
supply impedance of 1000 ohms indicates a value that is obtainable in a practical 
design. The effective grid-circuit impedance of 516 ohms is for a class B stage 
in which the effective resistance per grid circuit is 500 ohms at 400 cycles and the 
leakage reactance of the coupling transformer is 50 millihenrys. The driver stage 
should be capable of supplying the grids of the class B stage with the specified 
values of driving voltage and current at low distortion. 

As class A, amplifier triodes, the 6N7 and 6N7-G may be employed in the 
driver stage of class B amplifier circuits, and thus reduce the number of tube types 
necessary in a receiver. When operated in this way with a plate supply of 300 
volts and corresponding grid-bias, these tubes are capable of supplying a power 
output upwards of 400-milliwatts. The load into which the driver works will 
depend largely on the design factors of the class B amplifier. In general, however, 
the load will be between 20000 and 40000 ohms. The d-c resistance in the grid 
circuit of the 6N7 and 6N7-G when operated as a class A amplifier, may be as high 
as 0.5 megohm with cathode bias. With fixed bias, however, the resistance should 
not exceed 0.1 megohm. Typical operating values as resistance-coupled amplifiers 
are given in the RESISTANCE-COUPLED AMPLIFIER CHART. 

Among other and less conventional applications of the 6N7 and 6N7*G are 
the use of either type as (1) biased detector and one-stage a-f amplifier, (2) two- 
stage a-f amplifier, (3) amplifier and phase-inverter to supply resistance-coupled, 
push-pull output tubes, (4) two-tube oscillator, and (5) oscillator and amplifier. 



AVERAGE PLATE CHARACTERISTICS 
EACH TRIODE UNIT-CLASS B OPERATION 




PLATE VOLTS 



6P5-G 



DETECTOR AMPLIFIER TRIODE 

The 6P5-G is a triode of the heater- 
cathode type recommended for use as 
detector, amplifier, or oscillator. This 
tube, which is similar to the older type 
76 in electrical characteristics, has 
high transconductance and compara- 
tively high amplification factor 
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★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heatbr Current 0.3 Ampere 

Plate Voltage 100 250 max Volts 

Grip Voltage* -5 -13.5 Volts 

Plate Current 2.5 5 Milliamperes 

Plate Resistance 12000 9500 Ohms 

Amplification Factor 13.8 13.8 

Transconductance 1150 1450 Micromhos 

Grid-Plate Capacitance' 2.2 . imi 

Grid-Cathode Capacitance" 3.4 mif 

Plate-Cathode Capacitance 0 5.5 «if 

° With close-fitting shield connected to cathode. Values are approximate. 
* The d-c resistance in the grid circuit should not exceed 1.0 megohm. 



INSTALLATION and APPLICATION 

The base of the 6P5-G fits the standard octal socket which may be mounted 
to hold the tube in any position. Physical characteristics of the 6P5-G are shown 
in Fig. 2-17, OUTLINES SECTION. Heater operation and cathode connection 
are discussed under Type 6A8. 

APPLICATION 

As an amplifier, the 6P5-G is applicable either to radio- frequency or audio- 
frequency circuits. Recommended operating conditions for service using trans- 
former coupling are given under CHARACTERISTICS. For operation as a 
resistance-coupled amplifier, refer to the RESISTANCE-COUPLED AMPLIFIER 
CHART. 

As a detector, the 6P5-G may be of the grid-leak-and-condenser or grid-bias 
type. The plate voltage for the grid-leak-and-condenser method should be about 
45 volts. A grid leak of from 1 to 5 megohms with a grid condenser of 0 00025 /if 
is satisfactory. For the grid-bias method of detection, a plate-supply voltage of 
250 volts may be used together with a negative grid bias voltage of approximately 
20 volts. The plate current should be adjusted to 0.2 milliampere, with no input 
signal voltage. The grid-bias voltage may be supplied from the voltage drop in 
a resistor between cathode and ground. The value of this cathode resistor is not 
critical, 30000 to 150000 ohms being suitable. The higher value will permit the 
application of a larger input signal. 



AVERAGE PLATE CHARACTERISTICS 




400 
VOLTS 
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6Q7 

METAl 

6Q7-G 
6Q7-GT 



DUPLEX-DIODE 
HIGH-MU TRIODES 



The 6Q7, 6Q7-G, and 6Q7-GT are 
multi-unit types of tubes. Each type 
contains two diodes and a high-mu 
triode in one envelope and is for use as 
combined detector, amplifier, and 
automatic-volume-control tube in radio 
receivers designed for its characteris- 
tics. For diode-detector considerations, refer to RADIO 
TIONS section. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 

Heater Current 




TUBE APPLICA- 



Triode: Grid-Plate Capacitance 

Grid-Cathode Capacitance . . 
Plate-Cathode Capacitance . 



Type 
6Q7* 
1.5 
5.5 
5 



Type 
6Q7-G** 

1.7 

2.2 

3.2 



6.3 
0.3 
Type 
6Q7-GT 



Volts 
Ampere 



nixi 
mil 



* With shell connected to cathode. Value* are approximate. 
** With no shield. Value* are approximate. 



Plate Voltage . 

Grid Voltage 

Plate Current 

Plate Resistance 

Amplification Factor 
Transconductance . . 



Triode Unit — As Class A! Amplifier 



100 


250 max. 


Volts 


-1.5 


-3 


Volts 


0.35 


1.1 


Milliamperes 


87500 


58000 


Ohms 


70 


70 




800 


1200 


Micromhos 



Diode Units 

The two diode plates are placed around a cathode, the sleeve of which is 
common to the triode unit. Each diode plate has its own base pin. Operation 
curves for the diode units are given under Type 6B7. 

INSTALLATION and APPLICATION 

The base of either the 6Q7, the 6Q7-G, or the 6Q7-GT fits the standard octal 
socket which may be installed to hold the tube in any position. Physical character- 
istics of the 607, 6Q7-G, and 6Q7-GT are shown in Figs. 1-5, 2-15, and 2-6, respect- 
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type 6Q7 

E -f "6.3 VOLTS 



AVERAGE PLATE CHARACTERISTICS 

TRIODE SECTION 
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ively, in the OUTLINES SECTION. Heater and cathode considerations are 
the same as for Type 6A8. 

These three types are in many respects similar to the 6SQ7 except that they 
have a lower amplification factor which permits of handling somewhat larger input 
driving voltage without overloading. The triode unit is recommended for use 
only in resistance-coupled circuits. Typical recommended operating conditions 
are given in the RESISTANCE-COUPLED AMPLIFIER CHART. 

Grid bias for the triode unit of the 6Q7, 6Q7-G, and 6Q7-GT may be obtained 
from a fixed source, such as a fixed-voltage tap on the d-c power supply or from 
a cathode-bias resistor. It should not be obtained by the diode-biasmg method 
because of the probability of plate-current cut-off, even with relatively small signal 
voltages applied to the diode circuit. 




DUPLEX-DIODE TRIODES 

The 6R7 and 6R7-G are multi-unit 
tubes. Each type contains two diodes 
and a triode in a single envelope and 
is for use as combined detector, ampli- 
fier, and automatic- volume-control tube 
in radio receivers designed for its char- 
acteristics. For diode-detector consid- 
erations, refer to the RADIO TUBE 
APPLICATIONS section. 



6R7 

MCTAL 

6R7-G 



★ CHARACTERISTICS 

Heater Voltage (A C. or D.C.) 6.3 

Heater Current 0.3 

Type Type 

Triode: 6R7* 6R7-G- 

Grid-Plate Capacitance (Approx.) 2.2 2.4 

Grid-Cathode Capacitance (Approx.) . . 5.0 2.6 

Plate-Cathode Capacitance (Approx.) . 3.2 5.2 



Volts 
Ampere 



niii 
nnf 



* With shell connected to cathode. 



« With shield. 



Triode Unit- 



Plate Voltage 

Grid Voltage 

Plate Current 

Plate Resistance 

Amplification Factor . 
Transconductance . . . 

Load Resistance 

Power Output 



■ As Class A t Amplifier 

250 max. 



-9 
9.5 
8500 
16 
1900 
10000 
300 



Volts 
Volts 

Milliamperes 
Ohms 

Micromhos 

Ohms 

Milliwatts 



Diode Units 



The two diode plates are placed around a cathode, the sleeve of which is com- 
mon to the triode unit. Each diode plate has its own base pin. Operation curves 
for the diode units are given under Type 6B7. 

INSTALLATION and APPLICATION 
The base of either the 6R7 or the 6R7-G fits the standard octal socket which 
may be installed to hold the tube in any position. Physical characteristics of the 
6R7 and 6R7-G are shown in Figs. 1-5 and 2-15, respectively, in the OUTLINES 
SECTION. Heater and cathode considerations are the same as those for Type 
6A8. 

As transformer-coupled amplifiers, the triode units of the 6R7 and 6R7-G 
may be employed in conventional circuit arrangements. Operating conditions 
are shown under CHARACTERISTICS. As resistance-coupled amplifiers, the 
triode units may be used under conditions given in the RESISTANCE-COUPLED 
AMPLIFIER CHART. 
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Grid bias for the triode units of the 6R7 and 6R7-G may be obtained from 
a fixed source, such as a fixed-voltage tap on the d-c power supply or from a cathode- 
bias resistor. It should not be obtained by the diode-biasing method because of 
the probability of plate-current cut-off, even with relatively small signal voltages 
applied to the diode circuit. 



AVERAGE PLATE CHARACTERISTICS 
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TRIPLE-GRID °;k J» 

ZQ7 SUPER-CONTROL p^^ - ^ 0 ' 

OO/ AMPLIFIERS (3) 

METAL 

The 6S7 and 6S7-G are triple-grid »^J^i/\]^AV h 
Z.Q"T super-control amplifier tubes of the 

OO/ ~ \J heater-cathode type designed for use nc:I17-o^ keyX „ 
in radio- or intermediate-frequency 7R 
amplifiers. The ability of these tubes 
to handle unusual signal voltages without cross-modulation or modulation distor- 
tion makes them adaptable to receivers employing automatic volume control. 
These tubes may be used to advantage in applications where economy of heater 
power is important. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.15 Ampere 

Type 6S7° Type 6S7-G** 

Grid-Plate Capacitance 0.005 max. 0.008 max. puf 

Input Capacitance 6.5 4.4 ppi 

Output Capacitance 10.5 8 «*f 

• With shell connected to cathode. ** With close-fitting shield connected to cathode 

As Class Ai Amplifier 

Plate Voltage 300 max. Volts 

Screen Voltage (Grid No. 2) 100 max. Volts 

Screen Supply Voltage 300 max. Volts 

Grid Voltage (Grid No. 1) 0 min. Volts 

Plate Dissipation 2.25 max. Watts 

Screen Dissipation 0.25 max. Watt 

Typical Operation: 

Plate Voltage 135 250 Volts 

Screen Voltage 67.5 100 Volts 

Grid Voltage -3 -3 Volts 
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Connected to cathode at socket 




3.7 


8.5 


Milliamperes 




0.9 


2 


Milliamperes 


Plate Resistance (Approx.) 


1.0 


1.0 


Megohm 


Transconductance 


1250 


1750 


Micromhos 


Grid Voltage for transconductance of 








10 micromhos 


-25 


-38.5 


Volts 



INSTALLATION and APPLICATION 

The base of either the 6S7 or the 6S7-G fits the standard octal socket which 
may be installed to hold the tube in any position. Physical characteristics of the 
6S7 and 6S7-G are shown in Figs. 1-6 and 2-15, respectively, in the OUTLINES 
SECTION. For heater operation and cathode connection, refer to Type 6D8-G. 
Voltage supplies and applications are similar to those discussed under Type 6SK7. 

AVERAGE PLATE CHARACTERISTICS 
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^ ft PENTAGRID CONVERTER 

(^) The 6SA7 is a multi-electrode vacu- 

um tube of the single-ended metal type _ . 

designed to perform simultaneously AC A / 
( 2 JtV A *#A 7 Jh the functions of a mixer (first detector) \J\Jr~\f 
s r , yi7 e a tube and of an oscillator tube in super- mftm 

° 5 ^k£:y^ g 3 heterodyne circuits, especially those of 

8R the all- wave type. Utilizing a special 

structure, the 6SA7 has excellent os- 
cillator frequency stability, and offers mechanical advantage from a circuit stand- 
point as discussed under Application. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Direct Interelectrode Capacitances: 

Grid No. 3 to All Other Electrodes = R-F Input" . . 9.5 w f 

Plate to All Other Electrodes = Mixer Output" ... 12 wf 

Grid No. 1 to All Other Electrodes" 7 «if 

Grid No. 3 to Plate" 0.13 max. 

Grid No. 1 to Grid No. 3° 0.15 max. wf 

Grid No. 1 to Plate" 0:06 max. w f 

Grid No: 1 to All Other Electrodes Except Cathode. 4.4 wtf 

Grid No. 1 to Cathode 2.6 »d 

Cathode to All Other Electrodes Except Grid No. 1 5 mi 

* With thell connected to cathode 
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As Frequency Converter 

Plate Voltage 300 max. Volts 

Grids No. 2 and No. 4 Voltage 100 max. Volts 

Grids No. 2 and No. 4 Supply Voltage 300 max. Volts 

Grid No. 3 Voltage 0 min. Volts 

Plate and Grids No. 2 and No. 4 Dissipation (Total) 2.0 max. Watts 

Grids No. 2 and No. 4 Dissipation 1.0 max. Watt 

Total Cathode Current 14 max. Milliamperes 

Typical Operation with Self-Excitation: 

Plate Voltage 100 250 Volts 

Grids No. 2 and No. 4 Voltage 100 100 Volts 

Grid No. 3 (Control) Voltage 0 0 Volts 

Grid No. 5 and Shell Voltage 0 0 Volts 

Grid No. 1 Resistor 20000 20000 Ohms 

Plate Current 3.3 3.5 Milliamperes 

Grids No. 2 and No. 4 Current 8.5 8.5 Milliamperes 

Grid No. 1 Current 0.5 0.5 Milliampere 

Total Cathode Current 12.3 12.5 Milliamperes 

Plate Resistance (Approx.) 0.5 1.0 Megohm 

Conversion Transconductance 425 450 Micromhos 

Conversion Transconductance (Approx.) t . 2 2 Micromhos 

t With grid No. 3 bias of -35 volts. 

The transconductance between grid No. I and (rids No. 2 and No. 4 connected to plate (not 
oscillating) is approximately 4500 micromhos when. grids No. 1, No. 2, No. 3, and shell are at 
0 volts, and grids No. 2 and No. 4 and plate are at 100 volts. 

INSTALLATION and APPLICATION 

The base of the 6SA7 fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6SA7 are shown 
in Fig. 1-3, OUTLINES SECTION. Heater operation and cathode connection 
are the same as for Type 6A8. 

The 6SA7 offers several advantages from a circuit standpoint over other 
converter types: (1) elimination of loose or broken grid wires encountered with 
types having a top cap; (2) wiring can be completed below the set panel, (3) neater 
appearance of the chassis, (4) use of simple oscillator-coil and switching arrange- 
ments, (5) higher conversion gain, (6) small frequency shift at high frequencies, 
and (7) simplification of tube renewal. 

Because of the special structural arrangement of the 6SA7, a change in signal- 
grid voltage produces little change in cathode current. Consequently, an r-f 
voltage on the signal grid produces little modulation of the electron current flowing 
in the cathode circuit. This feature is important because it is desirable that the 
impedance in the cathode circuit should produce little degeneration or regeneration 
of the signal-frequency input and intermediate-frequency output. Another impor- 
tant feature is that, because signal-grid voltage has little effect on the space charge 
near the cathode, changes in avc bias produce little change in oscillator trans- 
conductance and in the input capacitance of the No. 1 grid. There is, therefore, 
little detuning of the oscillator by avc bias. 

A typical self -excited oscillator circuit for use with the 6SA7 is similar to that 
shown for the 12SA7 in circuit 14-4 (CIRCUIT SECTION). For operation in 
frequency bands lower than approximately 6 megacycles, the circuit should generally 
be adjusted to provide, with recommended values of plate and screen voltage, a 
value of Ek of approximately 2 volts peak, and an oscillator-grid current of 0.5 
milliampere through a grid-leak resistance (Rg) of 20000 ohms. In the low- 
and medium-frequency bands, the recommended oscillator conditions can be 
readily met. However, in the band covering frequencies higher than approx- 
imately 6 megacycles, the tank-circuit impedance is generally so low that it is not 
easy to obtain these oscillator conditions. For optimum performance in this band, 
it is generally best to adjust the oscillator circuit for maximum conversion gain 
at the low-frequency end of the band. Maximum conversion gain at this end of 
the band is usually obtained by adjustment of the oscillator circuit to give a value 
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of Ek of approximately 2 volts peak and an oscillator-grid current of 0.20 to 0.25 
milliampere, with a grid leak of 20000 ohms. 

As a separately excited converter, the 6SA7 may be operated as shown under 
Characteristics except that Grid No. 3 should be supplied with a bias of -2 volts. 



OPERATION CHARACTERISTICS 
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OPERATION CHARACTERISTICS 
WITH SELF-EXCITATION 



-20 -10 
GRID N23(CONTROL GRID) VOLTS 



TYPE 6SA7 

t t -b J VOLTS PLATE VOLTS: 250 
GftlDb Ns2 & N?4 VOLTS -100 

_GRtD N« (CONTROL GRiO ) VOLTS =-f 

GRID N«l_ RES(STOH-OMMS = 2O0Ott 



0.8 VOLTS RMS 




GRID N21 MILLIAMPERES (I C |> 




^^^^ TWIN TRIODE AMPLIFIER 

The 6SC7 is a twin-triode amplifier A Q ( / 
(jk r ~K^A 7 )n of the single-ended metal type intend- \J\J^*f 
ed primarily for phase-inverter service. MerM 
sGTTDh Each triode unit is designed with a high 
KEY mu-factor to give high gain, 

as 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

As Class A, Amplifier — Each Triode Unit 

Plate Voltage 250 max. Volts 

Grid Voltage -2 Volts 

Plate Current 2 Milliamperes 

Plate Resistance (Approx.) 53000 Ohms 

Amplification Factor 70 

Transconductance (Approx.) 1325 Micromhos 

Grid-Plate Capacitance* 2.4 wii 

Grid-Cathode Capacitance* 3.0 mti 

Plate-Cathode Capacitance* 4.0 upf 

* With shell connected to cathode. Values are approximate. 



INSTALLATION and APPLICATION 

The base of the 6SC7 fits the standard octal socket which may be mounted 
to hold the tube in any position. Physical characteristics of the 6SC7 are shown 
in Fig. 1-3. OUTLINES SECTION. For heater operation and cathode connection, 
refer to Type 6A8. As a phase-inverter, the 6SC7 may be operated as shown in 
the RESISTANCE-COUPLED AMPLIFIER CHART. 
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6SF5 



AttTAl 



HIGH-MU TRIODE 

The 6SF5 is a high-mu triode of the 
single-ended metal type for use in re- 
sistance-coupled amplifier circuits. 




★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Plate Voltage 250 max. Volts 

Grid Voltage -2 Volts 

Plate Current 0.9 Milliampere 

Plate Resistance 66000 Ohms 

Amplification Factor 100 

Transconductance 1500 Micromhos 

Grid-Plate Capacitance* 2.4 w»f 

Grid-Cathode Capacitance* 4.0 mil 

Plate-Cathode Capacitance* 3.6 nnf 

* With shell connected to cathode. Values are approximate. 



INSTALLATION and APPLICATION 

The base of the 6SF5 fits the standard octal socket which maybe mounted to 
hold the tube in any position. Physical characteristics of the 6SF5 are shown in 
Fie. 1-3, OUTLINES SECTION. For heater operation and cathode Connection, 
refer to Type 6A8. 

As an amplifier in resistance-coupled a-f circuits, the 6SF5 may be operated 
under conditions given in the RESISTANCE-COUPLED A-F AMPLIFIER 
CHART. In resistance-coupled circuits, the d-c resistance in the grid circuit of 
the 6SF5 should not exceed 1.0 megohm. 

When a 6SF5 is used to amplify the output of the 6H6 diode, it is recommended 
that fixed grid bias be employed. Diode-biasing of the 6SF5 is not suitable because 
of the probability of plate-current cut-off, even with relatively small signal voltages 
applied to the diode circuit. 
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AVERAGE PLATE CHARACTERISTICS 
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PLATE VOLTS 




© TRIPLE-GRID 
«v^/7 r^v^ DETECTOR AMPLIFIER 

6SJZ 

2 ^ *^ 7 jjj e gsj7 i s an r .f amplifier pentode 
of the metal type featuring single- 
'key^p ended construction with interlead 

8N shielding, described under Type 6SK7. 

In comparison with capped types pre- 
viously available, the 6SJ7 offers the circuit advantages of more stable amplifier 
operation, greater uniformity of gain in amplifiers, and higher gain. Because of 
its sharp cut-off characteristic, this type is also suitable for service as a biased 
detector In such service the 6SJ7 is capable of delivering large audio-frequency 
output voltage with relatively small input voltage. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Pentode Connection: 

Grid-Plate Capacitance* 0.005 max. nnf 

Input Capacitance* 6 w& 

Output Capacitance* 7 mil 

Triode Connection :f 

Grid-Plate Capacitance* 2.8 «tf 

Grid-Cathode Capacitance* 3.4 md 

Plate-Cathode Capacitance* 11 «if 

* With shell connected to cathode. t With screen and suppressor connected to plate. , 

As Class A, Amplifier — Pentode Connection 

Plate Voltage 300 max. Volts 

Screen Voltage (Grid No. 2) 125 max. Volts 

Screen Supply Voltage 300 max. Volts 

Grid Voltage (Grid No. 1) 0 min. Volts 

Plate Dissipation 2.5 max. Watts 

Screen Dissipation 0.3 max. Watt 

Typical Operation: 

Plate Voltage 100 250 Volts 

Screen Voltage 100 100 Volts 

Grid Voltage -3 -3 Volts 

Suppressor Connected to cathode at socket 
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250 max. 


Volts 




0 min. 


Volts 




2.5 max. 


Watts 


180 


250 


Volts 


-6 


-8.5 


Volts 


6.0 


, 9.2 


Milliampere8 


8250 


7600 


Ohms 


19 


19 




2300 


2500 


Micromhos 



Plate Current 2.9 3.0 Milliamperes 

Screen Current 0.9 0.8 Milliamperes 

Plate Resistance 0.7 | Megohm 

Transconductance 1575 1650 Micromhos 

Grid Voltage ft -9 -9 Volts 

X Greater than 1.0 megohm. ft For cathode-current cut-off. 

As Class A, Amplifier — Trtode Connection 
(Screen and suppressor tied to plate) 

Plate Voltage 

Grid Voltage 

Plate Dissipation 

Typical Operation: 

Plate Voltage 

Grid Voltage 

Plate Current 

Plate Resistance 

Amplification Factor 

Transconductance 

INSTALLATION and APPLICATION 
The base of the 6SJ7 fits the standard octal socket which may be mounted to 
hold the tube in any position. Physical characteristics of the 6SJ7 are shown in 
Fig. 1-3, OUTLINES SECTION. For heater operation and cathode connection, 
refer to Type 6A8. 

As a class A t amplifier, the 6SJ7 may be operated either as a pentode or as a 
triode, as shown under Characteristics. The screen voltage for the 6SJ7 operated 
as a pentode may be obtained from a potentiometer or bleeder circuit across the 
B-supply device. Due to the screen-current characteristics of the 6SJ7, a resistor 
in series with the high-voltage supply may be employed for obtaining the screen 
voltage, provided the cathode-resistor method of bias control is used. This method, 
however, is not recommended if the high-voltage B-supply exceeds 300 volts. 

As a radio-frequency amplifier pentode, the 6SJ7 may be used particularly in 
applications where the r-f signal applied to the grid is relatively low, that is. of the 
order of a few volts. In such cases either screen or control-grid voltage (or both) 
may be varied to control the receiver volume. When larger signals are involved, 
a super-control amplifier tube should be employed to prevent the occurrence of 
excessive cross-modulation and modulation distortion. 

As an audio-frequency amplifier pentode in resistance-coupled circuits, the 
6SJ7 may be operated under conditions shown in the RESISTANCE-COUPLED 
AMPLIFIER CHART. 

AVERAGE PLATE CHARACTERISTICS 
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6SK7 



METAL 



TRIPLE-GRID SUPER- 
CONTROL AMPLIFIER 

The 6SK7 is a triple-grid super-con- 
trol amplifier of the metal type featur- 
ing single-ended construction with 
interlead shielding. In comparison 
with capped types previously avail- 
able, the 6SK7 offers the circuit advan- 
tages of more stable amplifier operation, 
greater uniformity of gain in amplifiers, and higher gain. Because of its remote 
cut-off characteristic, this type is able to handle unusual signal voltages without 
cross-modulation or modulation distortion. The 6SK7 is recommended for use 
in the r-f or i-f stages of receivers especially those employing automatic volume 
control. 




8N 



★ CHARACTERISTICS 



Heater Voltage (A.C. or D.C.) 

Heater Current 

Grid-Plate Capacitance* 

Input Capacitance* 

Output Capacitance* 

* With shell connected to cathode. 

As Class Ai Amplifier 

Plate Voltage 

Screen Voltage 

Screen Supply Voltage 

Grid Voltage 

Plate Dissipation 

Screen Dissipation 

Typical Operation: 

Plate Voltage 100 

Screen Voltage 100 

Grid Voltage -3 

Suppressor Connected 



6.3 
0.3 



Volts 
Ampere 



0.003 max. mtf 



300 max. 
125 max. 
300 max. 

0 min. 

4 max, 
0.4 max. 



Volts 

Volts 

Volts 

Volts 

Watts 

Watt 



Plate Current 

Screen Current 

Plate Resistance (Approx.) 

Transconductance 

Grid Bias for transconductance of 10 
micromhos 



8.9 
2.6 
0.25 
1900 

-35 



250 Volts 

100 Volts 

-3 Volts 
to cathode at socket 

9.2 Milliamperes 

2.4 Milliamperes 

0.8 Megohm 

2000 Micromhos 



-35 



Volts 



INSTALLATION 
and APPLICATION 

The base of the 6SK7 fits the 
standard octal socket which may be 
installed to hold the tube in any 
position. Physical characteristics of 
the 6SK7 are shown in Fig. 1-3, 
OUTLINES SECTION. For healer 
operation and cathode connection 
refer to Type 6A8. 

The interlead shielding within 
the base of the 6SK7 is accomplished 
by means of a conical stem shield 
and a cylindrical base shield. The 
metal cone is inserted through the 
hole in the stem where the exhaust 
tube connects. The cone extends 
some distance into the exhaust tube 
and is connected to the common 



STANDARD 
WAFER OCTAL 
BASE 
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grounding pin (pin No. 1). The cylindrical base shield is positioned inside the locating 
base plug, and is also connected to pin No. 1. The conical shield reduces the capac- 
itance between leads in the glass of the stem: the cylindrical shield reduces the capac- 
itance between those pins that are diametrically opposite each other. Since the grid 
and the plate leads are diametrically opposite, the capacitance between them is kept 
to a value comparable with that obtainable with top-cap construction. 

The single-ended construction offers distinct advantages from a circuit stand- 
point, as follows: (1) elimination of loose or broken grid leads, (2) wiring can be 
completed below the set panel, (3) neater appearance of the chassis, (4) more stable 
amplifier operation, (5) greater uniformity of gain in amplifiers, (6) higher gain 
per stage, (7) lowered cost, and (8) simplification of tube renewal. 

Control-grid bias variation will be found effective in changing the volume of 
the receiver. In order to obtain adequate volume control, an available grid-bias 
voltage of approximately 50 volts will be required. The exact value will depend 
upon the circuit design and operating conditions. This voltage may be obtained, 
depending on the receiver requirements, from a potentiometer across a fixed supply 
voltage or by the use of a variable cathode-bias resistor. 

The screen voltage may be obtained from a potentiometer or bleeder circuit 
across the B-supply source. Due to the screen current characteristics of the 6SK7, 
a resistor in series with the high-voltage supply may be employed for obtaining the 
screen voltage provided the cathode-resistor method of bias control is used. This 
method, however, is not recommended if the high-voltage B-supply exceeds 300 
volts. Furthermore, it should be noted that the use of a resistor in the screen 
circuit will have an effect on the change in plate resistance with variation in sup- 
pressor voltage in case the suppressor is utilized for control purposes. 

The suppressor may be connected directly to the cathode or it may be made 
negative with respect to the cathode. For the latter condition, the suppressor 
voltage may be obtained from a potentiometer or bleeder circuit for manual volume- 
and selectivity-control, or from the drop in a resistor in the plate circuit of the 
automatic volume-control tube. 

As a radio-frequency amplifier, the 6SK7 is especially applicable to radio 
receiver design because of its ability to reduce cross-modulation effects, its remote 
"cut-off" feature, and its flexible adaptability to circuit combinations and to receiver 
design. Recommended conditions for the 6SK7 as an amplifier are given under 
CHARACTERISTICS. 

To realize the maximum benefit of the long "cut-off" feature of this tube, it is 
necessary to apply a variable grid bias and to maintain the screen at a constant 
potential with respect to the cathode. Good results, however, may be obtained by 
using a variable cathode resistance. Such a resistance, of course, reduces the screen 
potential by the amount that the bias is increased and thus hastens the "cut-off." 



AVERAGE PLATE CHARACTERISTICS 
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Therefore, the ability of the tube to handle large signals is somewhat impaired. 
This effect may be nullified by means of a series resistor in the screen circuit. 

The use of series resistors for obtaining satisfactory control of screen voltage 
in the case of four-electrode tubes is usually impossible because of secondary emis- 
sion phenomena. In the 6SK7, however, the suppressor practically removes these 
effects and it is therefore possible to obtain satisfactorily the screen voltage from 
the plate supply or from some high intermediate voltage providing these sources 
do not exceed 300 volts. With this method, the screen-to-cathode voltage will fall 
off very little from minimum to maximum value of cathode-control resistor. In 
some cases, it may actually rise. This rise of screen-to-cathode voltage above the 
normal maximum value is allowable because the screen and the plate current are 
reduced simultaneously by a sufficient amount to prevent damage to the tube. It 
should be recognized m general that the series-resistor method of obtaining screen 
voltage from a higher voltage supply necessitates the use of the variable cathode- 
resistor method of controlling volume in order to prevent too high a voltage on the 
screen. When screen and control-grid voltage are obtained in this manner, the 
remote "cut-off" advantage of the 6SK7 may be fully realized. 

k~>SV- Pt DUPLEX-DIODE 
l^T U HIGH-MU TRIODE AQrY7 

c,0wJ^-Ai)H The 6S Q 7 jg a muiti-unit tube of the „ * 

hV*tt) metal type containing two diodes and Me ™ 

sMtEY h a high-mu triode in one envelope. The 

8q 6SQ7 is designed for use as a combined 

detector, amplifier, and automatic- 
volume-control tube. For diode-detector considerations, see RADIO TUBE 
APPLICATIONS section. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Triode: Grid-Plate Capacitance* 1.8 wii 

Grid-Cathode Capacitance* 3.6 iiid 

Plate-Cathode Capacitance* 3.2 mtf 

* With shell connected to cathode. Values are approximate. 

Triode Unit — As Class A, Amplifier 

Plate Voltage 250 max. Volts 

Grid Voltage -2 Volts 

Plate Current 0.9 Milliampere 

Plate Resistance 91000 Ohms 

Amplification Factor 100 

Transconductance 1100 Micromhos 



Diode Units 

The two diode plates are placed around a cathode, the sleeve of which is com- 
mon to the triode unit. Each diode plate has its own base pin. Operation curves 
for the diode units are given under Type 6B7. 



INSTALLATION and APPLICATION 
The base of the 6SQ7 fits the standard octal socket which may be mounted to 
hold the tube in any position. Physical characteristics of the 6SQ7 are shown in 
Fig. 1-3, OUTLINES SECTION. Heater operation and cathode connection are 
the same as for Type 6A8. 

The 6SQ7 in many respects is similar in application to the 607. The out- 
standing difference, however, is that the 6SQ7 has a higher-mu triode. The tube 
is recommended for use only in resistance-coupled circuits. Furthermore, diode- 
biasing of the triode unit is not suitable because of the probability of triode plate- 
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current cut-off, even with relatively small signal voltages applied to the diode 
circuit. 

As an amplifier in tesistance-coupled a-f circuits, the 6SQ7 may be operated 
under the conditions given in the RESISTANCE-COUPLED AMPLIFIER 
CHART. 



AVERAGE PLATE CHARACTERISTICS 
TRIODE UNIT 




SIS' 

PLATE VOLTS 



450 Teo 
«2C-«»79, 



6T7-G 



DUPLEX-DIODE 
HIGH-MU TRIODE 




The 6T7-G is a heater-cathode type 
of tube containing two diodes and a 
high-mu triode in one bulb. The 
6T7-G is used as a detector, amplifier, 
and automatic-volume-control tube. 
The low heater current is a feature in applications where economy of power is 
important. For diode-detector considerations, refer to RADIO TUBE APPLIC- 
ATIONS section. 

CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 

Heater Current 

Triode: Grid-Plate Capacitance 0 

Grid-Cathodb Capacitance 0 

Plate-Cathode Capacitance" 



6.3 
0.15 
1.7 
1.8 
3.1 



Volts 
Ampere 
iwi 
nitl 



• With close-fitting shield connected to cathode. Values are approximate. 

Triode Unit — As Class A Amplifier 

Plate Voltage 

Grid Voltage 

Plate Current 

Plate Resistance 

Amplification Factor 

Transconductance 



100 


250 max. 


Volts 


-1.5 


-3 


Volts 


0.3 


1.2 


Milliamperes 


95000 


62000 


Ohms 


65 


65 




680 


1050 


Micromhos 



Diode Units 

The two diode plates are placed around a cathode, the sleeve of which is com- 
mon to the triode unit. Each diode plate has its own base pin. Operation curves 
for the diode units are given under Type 6B7. 

— 144 — 



RCA RECEIVING TUBE MANUAL 



INSTALLATION and APPLICATION 
The base of the 6T7-G fits the standard octal socket which may be installed 
to hold the tube in anv position. Physical characteristics of the 6T7-G are shown in 
Fig. 2-15, OUTLINES SECTION. Heater and cathode considerations are the 
same as for Type 6D8-G. For application refer to Type 6SQ7. Additional data 
are given in the RESISTANCE-COUPLED AMPLIFIER CHART. 




ELECTRON-RAY TUBE 
Indicator Type with Triode 



6U5/6G5 



The 6U5/6G5 is a high-vacuum, 
heater-cathode type of tube designed 
to indicate visually, by means of a 
fluorescent target the effects of change 
6R in controlling voltage. The tube, 

therefore is essentially a voltage indicator and as such is particularly useful as a 
convenient and non-mechanical means to indicate 'accurate tuning of a radio 
receiver. The 6U5/6G5 supersedes both the 6U5 and the 6G5 and it may also be 
used to replace the 6H5 and the 6T5. For a discussion of Electron-Ray Tube 
considerations, refer to the RADIO TUBE APPLICATIONS section. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 

Heater Current 

Plate-Supply Voltage 



6.3 

0.3 

250 max. 

Target Voltage g ™x. 

Typical Operation: 
Plate- and Target-Supply Voltage. . 

Series Triode-Plate Resistor 

Target Current*f 

Triode-Plate Current * 

Triode-Grid Voltage (Approx.): 

For shadow angle of 0° 

For shadow angle of 90° 

* For zero tri ode-grid voltage. 



Volts 
Ampere 
Volts 
Volts 
Volts 



100 


200 


250 


Volts 


0.5 


1 


1 


Megohm 


1 


3 


4 


MilTiamperes 


0.19 


0.19 


0.24 


Milliampere 


-8 


-18.5 


-22 


Volts 


0 


0 


0 


Volts 



t Subject to wide variations. 

INSTALLATION and APPLICATION 

Installation and application of the 6U5/6G5 are the same as for Type 6E5. 
Physical characteristics of the 6U5/6G5 are shown in Fig. 2-18, OUTLINES 
SECTION. The essential differences between the 6E5 and the 6U5/6G5 are that 
the 6U5/6G5 is constructed in a tubular bulb and has a remote plate-current cut- 
off characteristic. 



AVERAGE CONTROL CHARACTERISTICS 
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TRIPLE-GRID SUPER- QT§ 

CONTROL AMPLIFIER 'Gi^*' 

. - The 6U7-G is a triple-grid super- 

f\\ control amplifier tube recommended (a) 

^ ^ ' for service in the radio-frequency and 

intermediate-frequency stages of radio ^ „ 

receivers designed for its character- NC K r - 

istics. The ability of this tube to handle g-7R 
the usual signal voltages without cross- 
modulation and modulation distortion makes it adaptable to the r-f and i-f stages 
of receivers employing automatic volume control. The 6U7-G is constructed with 
an internal shield connected to the cathode within the tube. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Grid-Plate Capacitance* 0.007 max. mil 

Input Capacitance* 5 md 

Output Capacitance* 9 «uf 

* With close-fitting shield connected to cathode. 

As Class A, Amplifier 

Plate Voltage 300 max. Volts 

Screen Voltage 100 max. Volts 

Screen Supply Voltage 300 max. Volts 

Grid Voltage 0 min. Volts 

Plate Dissipation 2.25 max. Watts 

Screen Dissipation 0.25 max. Watt 

Typical Operation: 

Plate Voltage 100 250 Volts 

Screen Voltage 100 100 Volts 

Grid Voltage -3 -3 Volts 

Suppressor Connected to cathode at socket 

Plate Current 8.0 8.2 Milliamperes 

Screen Current 2.2 2.0 Milliamperes 

Plate Resistance (Approx.) 0.25 0.8 Megohm 

Transconductance 1500 1600 Micromhos 

Transconductance (At -50 volts bias) .... 2 2 Micromhos 

INSTALLATION and APPLICATION 

The base of the 6U7-G fits the standard octal socket which may be installed 
to hold the tube in any position. The maximum overall length of the 6U7-G is 
4% in. and the maximum diameter is lfV in.: the tube has a small shell octal base 
and a miniature cap. For heater operation and cathode connection, refer to Type 
6A8. For control-grid bias, screen voltage, suppressor connection, and application, 
refer to Type 6SK7. Stage shielding enclosing the components of each stage is, in 
general, necessary for multi-stage amplifier circuits. 

, % i , BEAM POWER AMPLIFIERS 

O V O The 6 V6 and 6V6-G are power am- "Qf /y M 

metai plifiers of the beam type for use in the 

output stage of radio receivers. They ( 2 j 
Z \ / Z are particularly useful in automobile 

OVO'V and other battery-operated receivers s 6V6 ^, _ 

in which reduced plate-current drain nc:6V6-g p bf 
is desirable. 7AC 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Hbatbr Current 0.45 Ampere 
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As Single-Tube Class Ai Amplifier 



Plate Voltage 

Screen Voltage 

Plate Dissipation 

Screen Dissipation 

Typical Operation: 

Plate Voltage 

Screen Voltage 

Grid Voltage 

Peak A-F Grid Voltage. 

Zero-Signal Plate Current . . . 

Max. -Signal Plate Current . . 

Zero-Signal Screen Current . 

Max. -Signal Screen Current 

Plate Resistance 

Transconductance 

Load Resistance 

Total Harmonic Distortion . 

Max.-Signal Power Output . . 



315 n.ax. 
285 max. 
12 max. 
2 max. 



Volts 
Volts 
Watts 
Watts 



180 


250 


315 


Volts 


180 


250 


225 


Volts 


-8.5 


-12.5 


-13 


Volts 


85 


12.5 


13 


Volts 


29 


45 


34 


Milliamperes 


30 


47 


35 


Milliamperes 


3 


4.5 


2.2 


Milliamperes 


4 


7 


6 


Milliamperes 


58000 


52000 


77000 


Ohms 


3700 


4100 


3750 


Micromhos 


5500 


5000, 


8500 


Ohms 


8 


8 


12 


Per cent 


2 


4.5 


5.5 


Watts 



As Push-Pull Class AB t Amplifier 

Plate Voltage 315 max. Volts 

Screen Voltage 285 max. Volts 

Plate Dissipation 12 max. Watts 

Screen Dissipation 2 max. Watts 

Typical Operation: Values are for two tubes 

Plate Voltage 250 285 Volts 

Screen Voltage 250 285 Volts 

Grid Voltage -15 -19 Volts 

Peak A-F Grid-to-Grid Voltage 30 38 Volts 

Zero-Signal Plate Current 70 70 Milliamperes 

Max.-Signal Plate Current 79 92 Milliamperes 

Zero-Signal Screen Current 5 4 Milliamperes 

Max.-Signal Screen Current 13 13.5 Milliamperes 

Effective Load Resistance (plate-to-plate) . 10000 8000 Ohms 

Total Harmonic Distortion 5 3.5 Per cent 

Max.-Signal Power Output 10 14 Watts 

INSTALLATION and APPLICATION 

The base of either the 6V6 or 6V6-G fits the standard octal socket which may 
be installed to hold the tube in any position. Physical characteristics of the 6V6 
and 6V6-G are shown in Figs. 1-7 and 2-21, respectively, in the OUTLINES 
SECTION. 

The heater is designed to operate at 6.3 volts. Under the maximum screen 
and plate dissipation conditions, the heater voltage should never fluctuate so that 
it exceeds 7.0 volts. For cathode connection, refer to Type 6A8. 

In all services precautions should be taken to insure that the dissipation rating 
is not exceeded with expected line- voltage variations, especially in the cases of 
fixed-bias operation. When the push-pull connection is used, fixed-bias values up 
to 10% of each typical screen voltage can be used without increasing distortion. 

As class At power amplifiers, the 6V6 and 6V6-G should be operated as shown 
under CHARACTERISTICS. The values have been determined on the basis 
that no grid current flows during any part of the input signal swing. The second 
harmonics can easily be eliminated by the use of push-pull circuits. In single-tube, 
resistance-coupled circuits, the second harmonics can be minimized by generating 
out-of-phase second harmonics in the pre-amplifier. 

As push-pull class ABi power amplifiers, the 6V6 and 6V6-G may be operated 
as shown under CHARACTERISTICS. The values have been determined on 
the basis that no grid current flows during any part of the input signal swing. 

The type of input coupling used in class Ai and class AB, service should not 
introduce too much resistance in the grid circuit. Transformer- or impedance- 
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coupling devices are recommended. When the grid circuit has a resistance not 
higher than 0.05 megohm, fixed bias may be used; for higher values, cathode bias 
is required. With cathode bias, the grid circuit may have a resistance as high as, 
but not greater than, 0.5 megohm provided the heater voltage is not allowed to 
rise more than 10% above the rated value under any condition of operation. 



AVERAGE PLATE CHARACTERISTICS 



I 1 I 

TYPE 6V6 
E f = 6.3 VOLTS 
-SCREEN VOLTS =230- 



I I I I 1 I 

LOAD LINE CORRECTED TO COMPENSATE 
FOR EFFECTS OF RECTIFICATION 
WITH LARGE SIGNALS 

I I 




400 
VOLTS 



6V6-GT 



BEAM POWER AMPLIFIER 

The 6V6-GT is a beam power ampli- 
fier designed for use in the output stage 
of radio receivers, especially those 
having limited space. Its electrical 
characteristics are similar to those of 
the 6V6 and 6V6-G. 




G-7AC 



CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 

Heater Current 0.45 

» 

As Single-Tube Class A t Amplifier 

Plate Voltage 315 max. 

Screen Voltage 285 max. 

Plate Dissipation 12 max. 

Screen Dissipation 2 max. 

Typical Operation: 

Plate Voltage 180 250 315 

Screen Voltage 180 250 225 

Grid Voltage -8.5 -12.5 -13 

Peak A-F Grid Voltage 8.5 12.5 13 

Zero-Signal Plate Current 29 45 34 

Max.-Signal Plate Current 30 47 35 

Zero-Signal Screen Current 3 4.5 2.2 

Max.-Signal Screen Current 4 7 6 

Plate Resistance 58000 52000 77000 

Transconductance 3700 4100 3750 

Load Resistance 5500 5000 8500 

Total Harmonic Distortion 8 8 12 

Max.-Signal Power Output 2 4.5 5.5 
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Volts 
Ampere 



Volts 
Volts 
Watts 
Watts 

Volts 
Volts 
Volts 
Volts 

Milliamperes 

Milliamperes 

Milliamperes 

Milliamperes 

Ohms 

Micromhos 

Ohms 

Per cent 

Watts 
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As Push-Pull Class AB, Amplifier 

Plate Voltage 315 max. Volts 

Screen Voltage 285 max. Volts 

Plate Dissipation 12 max. Watts 

Screen Dissipation 2 max. Watts 

Typical Operation: Values are for two tubes 

Plate Voltage 250 285 Volts 

Screen Voltage 250 285 Volts 

Grid Voltage -15 -19 Volts 

Peak A-F Grid-to-Grid Voltage 30 38 Volts 

Zero-Signal Plate Current 70 70 Milliamperes 

Max.-Signal Plate Current 79 92 Milliamperes 

Zero-Signal Screen Current 5 4 Milliamperes 

Max.-Signal Screen Current 13 13.5 Milliamperes 

Effective Load Resistance (plate-to-plate) . 10000 8000 Ohms 

Total Harmonic Distortion 5 3.5 Per cent 

Max.-Signal Power Output 10 14 Watts 

INSTALLATION and APPLICATION 

The base of the 6V6-GT fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6V6-GT are shown 
in Fig. 2-8, OUTLINES SECTION. See Type 6V6 for additional information on 
installation and applications. . 

TRIPLE-GRID DETECTOR 
AMPLIFIER 

The 6W7-G is a triple-grid tube of 6W7-G 

the heater-cathode type for use as an 
^ ^key^ amplifier and biased detector. In such 

G - 7R service, the 6W7-G is capable of deliv- 

ering a large audio-frequency output 
voltage with relatively small input. The low heater current is a feature in applica- 
tions where economy of power is important. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volte 

Heater Current 0.15 Ampere 

Grid-Plate Capacitance* 0.007 max. ppi 

Input Capacitance* 5 «if 

Output Capacitance* 8.5 mA 

* With ckxe-fitting shield connected to cathode. 

As Class A, Amplifier 

Plate Voltage 300 max. Volts 

Screen Voltage 100 max. Volts 

Screen Supply Voltage 300 max. Volts 

Grid Voltage 0 min. Volts 

Plate Dissipation 0.5 max. Watt 

Screen Dissipation 0.1 max. Watt 

Typical Operation: 

Plate Voltage 250 Volte 

Screen Voltage 100 Volts 

Grid Voltage -3 Volte 

Suppressor Connected to cathode at socket 

Plate Current 2.0 Milliamperes 

Screen Current 0.5 Milliampere 

Plate Resistance (Approx.) 1.5 Megohms 

Transconductance 1225 Micromhos 

Grid Voltage (Approx.)** -7 Volts 

** For cathode-current cut-off. 
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INSTALLATION and APPLICATION 

The base of the 6W7-G fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6W7-G are shown 
in Fig. 2-15, OUTLINES SECTION. For heater operation and cathode connec- 
tion, refer to Type 6D8-G and 6A8, respectively. Application is similar to that 
of the 6SJ7. Additional data are given in the RESISTANCE-COUPLED AM- 
PLIFIER CHART. 



6X5 

METAL 

6X5-G 
6X5-GT 



FULL-WAVE HIGH-VACUUM 
RECTIFIERS 

The 6X5, 6X5-G and 6X5-GT are 
full-wave, high-vacuum rectifiers of the 
heater-cathode type. They are in- 
tended for use in automobile-radio 
receivers or in a-c operated receivers 
designed for their characteristics. 




★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.6 Ampere 

As Full- Wave Rectifier 

Peak Inverse Voltage 1250 max. Volts 

Peak Plate Current Per Plate 210 max. Milliamperes 

D-C Heater-Cathode Potential 450 max. Volts 

Typical Operation With Condenser-Input Filter: 

A-C Plate Voltage per Plate (RMS) 325 max. Volts 

Total Effective Plate-Supply Impedance per Platet 150 min. Ohms 

D-C Output Current 70 max. Milliamperes 

Typical Operation With Choke-Input Filter: 

A-C Plate Voltage per Plate (RMS) 450 max. Volts 

Input-Choke Inductance 8 min. Henries 

D-C Output Current 70 max. Milliamperes 

t When a niter-input condenser larger than 40 jif is used, it may be necessary to use more 
plate-supply impedance than the minimum value shown to limit the peak plate current to the 
rated value. 



INSTALLATION and APPLICATION 

The base of either the 6X5, 6X5-G, or 
6X5-GT fits the standard octal socket. The 
socket for the 6X5 should be installed to hold 
the tube preferably in a vertical position. 
Horizontal operation is permissible if pins 3 and 
5 are in a horizontal plane. The 6X5-G and 
6X5-GT may be operated in any position. 
Physical characteristics of the 6X5, 6X5-G, and 
6X5-GT are shown in Figs. 1-7, 2-17, and 2-8, 
respectively, in the OUTLINES SECTION. 
Pin 1 of the 6X5-GT has no connection. 

The heater should be operated at 6.3 volts. 
Under no condition should the heater voltage 
ever fluctuate so that it exceeds 7.5 volts. For 
discussion of rectifiers and filter circuits, refer to 
RADIO TUBE APPLICATIONS SECTION. 



OPERATION CHARACTERISTICS 



TYPE 6X5 E f = 6.3 VOLTS 

. CHOKE(L) INPUT TO riLTER: 

L = 8 HENRIES (MIN. t 
CONDENSER(C) INPUT TO FILTER: 

C = 4;jf;T0T.EFFECT. PLATE-SUPPLY 
| I IMPEDANCE PER PLATE = 
3p. , | I ! 150 OHMS 




D-C LOAD MILLIAMPERES 

92C-4576R I 
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BEAM POWER AMPLIFIER 

The 6Y6-G is a power amplifier of 
the beam type for use in the output 
stage of radio receivers designed for 
its characteristics. 



6Y6-G 



G-7AC 



★ CHARACTERISTICS 



Heater Voltage (A.C. or D.C.) 
Heater Current 



6.3 
1.25 



Volts 
Amperes 



As Class A, Amplifier 

Plate Voltage 200 max. Volts 

Screen Voltage (Grid No. 2) 135 max. Volts 

Plate Dissipation 12.5 max. Watts 

Screen Dissipation 1.75 max. Watts 

Typical Operation: 

Plate Voltage 135 200 Volta 

Screen Voltage 135 135 Volts 

Grid Voltage (Grid No. 1) -13.5 -14 Volts 

Peak A-F Grid Voltage 13.5 14 Volts 

Zero-Signal Plate Current 58 61 Milliamperes 

Max. -Signal Plate Current 60 66 Milliamperes 

Zero-Signal Screen Current 3.5 2.2 Milliamperes 

Max. -Signal Screen Current 11.5 9 Milliamperes 

Plate Resistance (Approx.) 9300 18300 Ohms 

Transconductance 7000 7100 Mkromhos 

Load Resistance 2000 2600 Ohms 

Total Harmonic Distortion 10 10 Percent 

Max.-Signal Power Output 3.6 6 Watts 



INSTALLATION and APPLICATION 

The base of the 6Y6-G fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6Y6-G are shown 
in Fig. 2-21, OUTLINES SECTION. 

The heater is designed to operate at 6.3 volts for full-load operating conditions 
at average line voltage. Under the maximum screen and plate dissipation condi- 
tions, the heater voltage should never fluctuate so that it exceeds 7.0 volts. For 
cathode connection, refer to Type 6A8. 

As a class Ai power amplifier, the 6Y6-G should be operated as shown under 
CHARACTERISTICS. The values have been determined on the basis that no 
grid current flows during any part of the input signal swine. The second harmonics 
can easily be eliminated by the use of push-pull circuits. In single-tube, resistance- 
coupled circuits, the second-harmonics can be minimized by generating out-of- 
phase second harmonics in the pre- amplifier. 

The type of input coupling used should not introduce too much resistance in 
the grid circuit. Transformer- or impedance-coupling devices are recommended. 
When the grid circuit has a resistance not higher than 0.1 megohm, fixed bias may 
be used; for higher values, cathode bias is required. With cathode bias, the grid 
circuit may have a resistance as high as, but not greater than, 0.5 megohm provided 
the heater voltage is not allowed to rise more than 10% above the rated value 
under any condition of operation. 
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CLASS B TWIN TRIODE C Qf?)' 

The 6Z7-G is a power amplifier con- PT2 ^ X- ^ PT| 
. —— taining two triodes in one envelope. 
A / / _ f j The two triodes, designed for class B 

operation, have separate terminals for ^U>^"/\"aL^( ?) 
all electrodes except the cathodes and 

heaters. nc -^kev v 

G-8B 

CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

As Class B Power Amplifier 

Plate Voltage 180 max. Volts 

Peak Plate Current (Per plate) 60 max. Milhamperes 

Average Plate Dissipation 8 max. Watts 

Typical Operation: .„„ 

Plate Voltage 135 180 Vo ts 

Grid Voltage 0 0 Volts 

Zero-Signal Plate Current o 

(Per plate) 3 4.2 Milhamperes 

Effective Load Resistance , n/w ^ 

(Plate-to-plate) 15000 9000 20000 12000 Ohms 

Max.-Signal Power Output ^ n 
(Approx.) 1.5* 2.5f 2.2» 4.2f Watts 

• With average input of 80 milliwatts applied between grids, 
t With average input of 320 milliwatts applied between grids. 

INSTALLATION and APPLICATION 
The base of the 6Z7-G fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6Z7-G are shown 
in Fig. 2-17, OUTLINES SECTION. For heater operation and cathode connection, 
see Type 6A8. 

As a class B power amplifier, the 6Z7-G is used in circuits similar in design to 
those utilizing individual tubes in the output stage. It requires no grid bias, since 
the high-mu feature of the triode units reduces the steady plate current at zero bias 
to a relatively low value. For general class B amplifier design considerations, 
refer to RADIO TUBE APPLICATIONS section. 

As a class A, amplifier, the 6Z7-G may be operated in resistance-coupled circuits 
as shown in the RESISTANCE-COUPLED AMPLIFIER CHART. Other applica- 
tions of the 6Z7-G are similar to those discussed for Type 6N7. 

FULL-WAVE HIGH-VACUUM ^ 

RECTIFIER 

The 6ZY5-G is a full-wave, high , (2 ) 
vacuum rectifier of the heater-cathode 
type. It is intended for use in applica- ^ k ey- 
tions where economy of power is im- NC 
portant. G " 6S 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0 3 Ampere 

As Full-Wave Rectifier 

Peak Inverse Voltage , 1250 max. Volts 

Peak Plate Current Per Plate 120 max. Milhamperes 

— 152 — 




RCA RECEIVING TUBE MANUAL 



D-C Heater-Cathode Potential 450 max. Volte 

Typical Operation With Condenser-Input Filter: 

A-C Plate Voltage per Plate (RMS) 325 max. Volte 

Total Effective Plate-Supply Impedance per Platet 225 min. Ohm8 

D-C Output Current 40 max. Milliamperes 

Typical Operation With Choke-Input Filter: 

A-C Plate Voltage per Plate (RMS) 450 max. Volte 

Input-Choke Inductance 13.5 mm. Henries 

D-C Output Current 40 max. Milliamperes 

X When a filter-input condenser larger than 40 id is used, it may be necessary to use more 

plate-supply impedance than the minimum value shown to limit the peak plate current to the 

rated value. 

INSTALLATION and APPLICATION 
The base of the 6ZY5-G fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6ZY5-G are shown 
in Fig. 2-17, OUTLINES SECTION. The heater should be operated at 6.3 volte. 
Under no condition should the heater voltage ever fluctuate so that it exceeds 7.5 
Y'S&^F 01 ' discussion of rectifiers and filter circuits, refer to RADIO TUBE 
APPLICATIONS section. 

nc »2s«!~ TWIN DIODE 

^/-^x-^— 'x^- s f >D i The 7A6 is a heater-cathode type 

Ci/^O. °* tuDe containing two diodes in one 

( ) bulb. Except for the common heater, /A A 

^CzJ^A^^-fT)^ two units are independent of each / r\\J 

X^rX other. The 7A6 is employed in re- 

(TuSHa) ceivers for detection, for low-voltage, 

H bs H low-current rectification, or for auto- 

7aj matic volume control. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3f Volts 

Heater Current 0.15TT1T Ampere 

II Nominal value is 7 volts. f •/ Nominal value is 0.16 ampere. 

As Rectifier 

A-C Plate Voltage Per Plate (RMS) 150 max. Volts 

D-C Output Current Per Plate 8 max. Milliamperes 

INSTALLATION and APPLICATION 
The base of the 7A6 fits the lock-type socket which may be mounted to hold 
the tube in any position. Physical characteristics of the 7A6 are shown in Fig. 
2-4, OUTLINES SECTION. For heater operation, see Type 6D8-G; and for 
cathode connection, Type 6A8. Application is the same as that for Type 6H6-G. 

& *GLI?) TRIPLE-GRID 
° 2 0/^N0' SUPER-CONTROL AMPLIFIER 

The 7A7-LM is a triple-grid super- 7A7 I 41 
p0V A^v)" control amplifier of the single-ended / /"A/ - LfVl 
V/jv</ metal type for use in the radio-fre- mctai 

H Ci)§Ci) H quency and intermediate-frequency 

s or bs 8tage8 0 f rad j 0 receivers. The 7A7-LM 

8v is interchangeable with the 7A7. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3t Volts 

Heater Current 0.3HT1[ Ampere 

Grid-Plate Capacitance 0 0.005 «if 

Input Capacitance 0 6 md 

Output Capacitance" . -. 7 

• With shell connected to cathode. 

H Nominal value is 7 volts. m Nominal value is 0.32 ampere. 
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As Class A, Amplifier 

Plate Voltage 250 max. Volts 

Screen Voltage 100 max. Volts 

Grid Voltage -3 min. Volts 

Typical Operation: 

Plate Voltage 250 Vo ts 

Screen Voltage 100 Volte 

Grid Voltage -3 Volts 

Suppressor Connected to cathode at socket 

Plate Current 8.6 Milliamperes 

Screen Current 2 Milliamperes 

Plate Resistance 0.8 Megohm 

Transconductance 2000 Micromhos 

Transconductance (At -35 volts bias) 10 Micromhos 

INSTALLATION and APPLICATION 
The base of the 7A7-LM fits the lock-type socket which may be installed to 
hold the tube in any position. Physical characteristics of the 7A7-LM are shown 
in Fig. 1-4, OUTLINES SECTION. For heater operation and cathode connection, 
refer to Type 6A8. Application is similar to that for Type 6SK7. 



7A8 



OCTODE CONVERTER 

The 7A8 is a multi-electrode tube 
of the heater-cathode type designed 
to perform simultaneously the func- 
tions of a mixer and of an oscillator 
tube in superheterodyne circuits. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 

Heater Current 

Direct Interelectrode Capacitances: 

Grid No. 4 to Plate 

Grid No. 4 to Grid No. 2 

Grid No. 4 to Grid No. 1 

Grid No. 1 to Grid No. 2 

Grid No. 4 to All Other Electrodes (R-F Input) . . 

Grid No. 2 to All Other Electrodes 
Except Grid No. 1 (Osc. Output) 

Grid No. 1 to All Other Electrodes 
Except Grid No. 2 (Osc. Input) 

Plate to All Other Electrodes (Mixer Output) 

U Nominal value is 7 volts, ft Nominal value is 0.16 ampere 




6.31 


Volts 


0.1511 


Ampere 


0.15 


uuf 


0.12 


uuf 


0.12 


Mil 


0.60 


uuf 


7.5 


uuf 


3.4 


uuf 


3.8 


uuf 


9 


Hill 



As Frequency Converter 



Plate Voltage 250 max. 

Screen Voltage (Grids No. 3 and No. 5) 100 max. 

Anode-Grid Supply Voltage (Grid No. 2) 250 max. 

Control-Grid Voltage (Grid No. 4) -3 min. 

Typical Operation: 

Plate Voltage 

Screen Voltage 

Anode-Grid Supply Voltage 

Control-Grid Voltage 

Oscillator-Grid Resistor (Grid No. 1) 50000 

Plate Current 3 

Screen Current 2.8 

Anode-Grid Current • 4.5 

• Applied through 20000-ohm voltage-dropping resistor by-passed by 0.1 of 
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Volts 
Volts 

Volts 
Volts 
Volts 
Volts 
Ohms 

Milliamperes 
Milliamperes 
Milliamperes 

condenser 
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Oscillator-Grid Current 0.4 

Plate Resistance 0.7 

Conversion Transconductance 600 

Conversion Transconductance with 

Control-Grid Bias of -30 Volts 2 



Milliamperes 

Megohm 

Micromhos 

Micromho8 



INSTALLATION and APPLICATION 
The base of the 7A8 fits the lock-type socket which may be installed to hold 
the tube in any position. Physical characteristics of the 7A8 are shown in Fig. 
2-4, OUTLINES SECTION. For heater operation, refer to Type 6D8-G; for 
cathode connection and application, to Type 6A8. 



o 2 c, TRIPLE-GRID 

^See^P' super-control amplifier 

f©\ /\AJ)'- The 7B7 is a triple-grid super-control - 7B7 
amplifier for use in the radio-frequency 
H vjJs(i) H and intermediate-frequency stages of 

s or bs radio receivers. 

8V 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6 31f Volts 

Heater Current 0.15UH Ampere 

Grid-Plate Capacitance 0.005 max. «if 

Input Capacitance 5 w f 

Output Capacitance 7 w f 

1 Nominal value is 7 volts. n Nominal value is 0.16 ampere. 

As Class A! Amplifier 

Plate Voltage 250 max. Volts 

Screen Voltage 100 max. Volts 

Grid Voltage -3 wtn . Volts 

Typical Operation: 

Plate Voltage 250 Volts 

Screen Voltage 100 Volte 

Grid Voltage -3 Volts 

Suppressor Connected to cathode at socket 

Plate Current 8.5 Milliamperes 

Screen Current 2 Milliamperes 

Plate Resistance 0.7 Megohm 

Transconductance 1700 Micromhos 

Transconductance (At -40 volts bias) 10 Micromhos 

INSTALLATION and APPLICATION 
The base of the 7B7 fits the lock-type socket which may be installed to hold 
the tube in any position. Physical characteristics of the 7B7 are shown in Fig. 
2-4, OUTLINES SECTION. For heater operation, refer to Type 6D8-G; and for 
cathode connection, to Type 6A8. Application is similar to that for Type 6SK7. 




aw 



DUPLEX-DIODE 
HI-MU TRIODE 

The 7C6 is a multi-unit tube con- 
taining two diodes and a high-mu 
triode in one bulb. It is intended for 
use as a combined detector, amplifier, 
and automatic-volume-control tube 
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* CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3% Volts 

Heater Current 0.151I1I Ampere 

Triode: Grid-Plate Capacitance (Approx.) 1.4 wti 

Grid-Cathode Capacitance (Approx.) 2.4 mA 

Plate-Cathode Capacitance (Approx.) 3 «xf 

Average Characteristics — Triode Unit: 

Plate Voltage 250 Volts 

Grid Voltage -1 Volt 

Plate Current 1.3 Milliamperes 

Plate Resistance 0.1 Megohm 

Amplification Factor 100 

Transconductance 1000 Micromhos 

t Nominal value is 7 volts. HU Nominal value ie 0.16 ampere. 

Triode Unit — As Class A, Amplifier 

Plate Voltage 250 max. Volts 

Typical Operation: 

Plate Supply Voltage 250 Volts 

Load Resistance 0.25 Megohm 

Grid Resistor 10 Megohm9 

Diode Units 

The two diode units are placed around a cathode, the sleeve of which i» 
common to the triode unit. Each diode has its own base pin. 

INSTALLATION and APPLICATION 
The base of the 7C6 fits the lock-type socket which may be installed to hold 
the tube in any position. Physical characteristics of the 7C6 are shown in Fig. 
2-4, OUTLINES SECTION. For heater operation, refer to Type 6D8-G; and for 
cathode connection, to Type 6A8. Application is similar to that for Type 6SQ7. 



7Y4 



FULL-WAVE 

HIGH-VACUUM RECTIFIER 

The 7Y4 is a full-wave, high- 
vacuum rectifier of the heater-cathode 
type. It is for use in automobile radio 
receivers and in compact a-c operated 
receivers. 



INTERNAL 
CONNECTION 
DO NOT USE 




SAB 



★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.31F Volts 

Heater Current 0.5HU Ampere 

1 Nominal value is 7 volts. IK Nominal value is 0.53 ampere. 



As Full- Wave Rectifier 

Peak Inverse Voltage 1250 max. Volts 

Peak Plate Current Per Plate 180 max. Milliamperes 

D-C Heater-Cathode Potential 450 max. Volts 

With Condenser-Input Filter: 

A-C Plate Voltage per Plate (RMS) 325 max. Volts 

Total Effective Plate-Supply Impedance per Plate* 150 min. Ohms 

D-C Output Current 60 max. Milliamperes 

With Choke-Input Filter: 

A-C Plate Voltage per Plate (RMS) 450 max. Volts 

Input Choke Impedance 10 min. Ohms 

D-C Output Current 60 max. Milliamperes 

* When a filter input condenser larger than 40 »l is used, it may be necessary to use more 
plate-supply impedance than the value shown to limit the peak plate current to the rated value. 
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INSTALLATION and APPLICATION 

The base of the 7Y4 fits the lock-type socket which may be installed to hold 
the tube in any position. Physical characteristics of the 7Y4 are shown in Fig. 
2-4, OUTLINES SECTION. For heater operation, see Type 6X5. 




POWER AMPLIFIER TRIODE 

The 10 is a three-electrode, high-vacuum 
tube suitable for use as an audio-frequency 
amplifier in equipment designed for its 
characteristics. 



10 



4D 

CHARACTERISTICS 

Filament Voltage (A.C. or D.C.) 7.5 Volts 

Filament Current 1.25 Amperes 

Plats Voltage 250 '350 425 max. Volts 

Grid Voltage* -23.5 -32 -40 Volts 

Cathode Resistor 2350 2000 2220 Ohms 

Plate Current 10 16 18 MiUiamperes 

Plate Resistance 6000 5150 5000 Ohms 

Amplification F actor 8 8 8 

Transconductancs 1330 1550 1600 Micromhos 

Load Resistance 13000 11000 10200 Ohms 

Undistorted Power Output 0.4 0.9 1.6 Watts 

* Grid voltages are given with respect to the mid-point of filament operated on a.c If d.c. 

is used, each stated value of grid voltage should be decreased by 5.0 volts and should be referred 
to the negative end of the filament. 

INSTALLATION and APPLICATION 
The base of the 10 fits the standard four-contact socket which should be installed to bold 
the tube in a vertical position with the base down. Physical characteristics of the 10 are shown 
in Fig. 2-28, OUTLINES SECTION. 





DETECTOR AMPLIFIER TRIODES 

The 11 and 12 are three-electrode tubes 
used as detectors and amplifiers in dry-cell- 
operated receivers designed for their charac- 
teristics. The electrical characteristics of 
each type are identical, and are as follows; 
Filament volts, 1.1; amperes, 0.25; maximum 
plate volts, 135; grid volts, -10.5: amplifica- 
tion factor, 6.6; plate resistance (ohms), 
15000; transconductance (micromhos), 440; 
and plate milliamperes, 3. Physical charac- 
teristics of the 11 and 12 are shown in Figs. 
2-14 and 2-23, respectively, in the OUTLINES 
SECTION. The 11 and 12 are discontinued 
types; they are retained for reference only. 



11 

12 



4F 
Type 11 




RECTIFIER-PENTODE 

The 12A7 is a heater-cathode type 
of multi-unit tube which combines in 
one bulb a half-wave rectifier and a 
power-amplifier pentode. The heater 
rating is 12.6 volts, 0.3 ampere. 
RECTIFIER UNIT: Max. a-c plate 
volts, 125; max. d-c output ma., 30. 
PENTODE UNIT: Max. plate and 
screen volts, 135; grid-bias volts, -13.5; 
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load resistance, 13500 ohms: plate resistance, 102000 ohms: transconductance, 975 
micromhos; plate ma.. 9: screen ma., 2.5; and power output, 0.55 watt. The base 
fits the standard 7-contact socket (0.75-inch pin-circle diameter) which may be 
mounted to hold the tube in any position. Physical characteristics of the 12A7 
are shown in Fig. 2-16. OUTLINES SECTION. For heater operation and cathode 
connection, refer to Types 12Z3 and 6A8. respectively. 



12A8-GT 




G-8A 



12C8 



MfT/U 



PENTAGRID CONVERTER 

The 12A8-GT is a pentagrid con- 
verter of the heater-cathode type. 
Except for its heater which operates 
at 12.6 volts and 0.15 ampere, the 
electrical and physical characteristics 
of the 12A8-GT are the same as those 
of the Type 6A8-GT. 
The heater of the 12A8-GT is designed to operate on either a.c. or d.c. When 
the heater is operated on a.c. with a transformer, the winding which supplies the 
heater circuit should operate the heater at its recommended value for full-load 
operating conditions at a line voltage of 117 volts. In receivers that employ a series- 
heater connection, the heater of the 12A8-GT may be operated in series with the 
heaters of the other types having 0.15-ampere rating, or in series with the heaters 
of other types requiring more than 0.15 ampere if the 12A8-GT heater is shunted 
by a suitable resistor to pass the current in excess of 0.15 ampere. The current in 
the heater circuit of the 12A8-GT should be adjusted to 0.15 ampere for the norma) 
supply-line voltage. For cathode connection, refer to Type 6A8. 

DUPLEX-DIODE PENTODE 

The 12C8 is a metal type of tube 
having two diodes and a pentode in 
the same envelope. Except for its 
heater rating of 12.6 volts and 0.15 
ampere, the electrical and physical 
characteristics of the 12C8 are the same 
as those of the Type 6B8. For heater 
operation and cathode connection, refer 
to Types 12A8-GT and 6A8, respect- 
ively. 

HIGH-MU TRIODE 

The 12F5-GT is a high-mu amplifier 
triode of the heater-cathode type. It 
is particularly useful in resistance- 
coupled amplifier circuits. Except 
for its heater rating of 12.6 volts and 
0.15 ampere, and the capacitances, the 
electrical and physical characteristics g-sm 
are the same as those of the 6F5-GT. 
The grid-plate capacitance is 2.8 jif»f; grid-cathode, 2.2 utii; plate-cathode, 3.2 mil. 
For heater operation and cathode connection, refer to Types 12A8-GT and 6A8, 
respectively. 

DETECTOR AMPLIFIER TRIODE 

The 12J5-GT is a triode of the heat- 
er-cathode type designed for use as 
detector, amplifier, or oscillator. It 
has a comparatively high amplifica- 
tion factor together with a high 
transconductance. Except for its heater 
rating of 12.6 volts and 0.15 ampere, 
the electrical and physical characteris- 
tics of the 12J5-GT are the same as those of the 6J5-GT. For heater operation 
and cathode connection, refer to Type 12A8-GT and 6A8, respectively 
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TRIPLE-GRID DETECTOR 
AMPLIFIER 



12J7-GT 



The 12J7-GT is a triple-grid detector 
amplifier of the heater-cathode type. 
Except for its heater rating of 12.6 
volts and 0.15 ampere, the electrical 
and physical characteristics of the 
12J7-GT are the same as those of the 6J7-GT. For heater operation and cathode 
connection, refer to Types 12A8-GT and 6A8, respectively. 



KEY 

GT-7R02J7-GT) 




TRIPLE-GRID 
SUPER-CONTROL AMPLIFIER 



1 2K7-GT 



The 12K7-GT is a triple-grid super- 
control amplifier of the heater-cathode 
type. Except for its heater rating of 
12.6 volts and 0.15 ampere, the elec- 
trical and physical characteristics of 
the 12K7-GT are the same as those of the 6K7-GT. For heater operation and 
cathode connection, refer to Types 12A8-GT and 6A8, respectively. 



GT-7R(I2K7-GT) 




TRIODE-HEXODE 
CONVERTER 



12K8 



METAL 



The 12K8 is a multi-electrode tube 
of metal construction consisting of a 
triode oscillator and a hexode mixer 
in a single envelope. Except for its 
8K heater rating of 12.6 volts and 0.15 

ampere, the electrical and physical characteristics of the 12K8 are the same as 
those of the 6K8. For heater operation and cathode connection, refer to Types 
12A8-GT and 6A8, respectively. 




DUPLEX-DIODE 
HIGH-MU TRIODE 



12Q7-GT 



The 12Q7-GT is a heater-cathode 
type of tube containing two diodes and 
a high-mu triode in one bulb. Except 
for its heater rating of 12.6 volts and 
0.15 ampere, the electrical and physical 
characteristics of the 12Q7-GT are the same as those of the 6Q7-GT. For heater 
operation and cathode connection, refer to Types 12A8-GT and 6A8, respectively. 



G-7V 




12SA7 



ME77U 



PENTAGRID CONVERTER^ 

The 12SA7 is a multi-electrode vacu- 
um tube of the single-ended metal type 
designed to perform simultaneously 
the functions of oscillator and mixer 
in superheterodyne receivers. Except 
for its heater rating of 12.6 volts and 
0.15 ampere, the electrical and physical 
characteristics of the 12SA7 are the same a those of the 6SA7. For heater oper- 
ation and cathode connection, refer to Types 12A8-GT and 6A8, respectively 
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TWIN TRIODE AMPLIFIER 

The 12SC7 is a twin-triode amplifier 

1r\ f of the single-ended metal type for use 

/jl./ as a class A amplifier. Except for its 
heater rating of 12.6 volts and 0.15 
ampere, the electrical and physical 
characteristics of the 12SC7 are the 
same as those of the 6SC7. For heater 
operation and cathode connection, re- 
fer to Types 12A8-GT and 6A8, respectively. 



MCTAl 




8S 



12SF5 



MCTAl 



connection. 



HIGH-MU TRIODE 

The 12SF5 is a high-mu triode ot 
the single-ended metal type for use 
in resistance-coupled amplifier circuits. 
Except for its neater rating of 12.6 
volts and 0.15 ampere the electrical 
and physical characteristics of the 
12SF5 are the same as those of the 
6SF5. For heater operation and cathode 
refer to Types 12A8-GT and 6A8, respectively. 




6AB 



12SJ7 



TRIPLE-GRID 
DETECTOR AMPLIFIER 



MCTAl 




The 12SJ7 is a single-ended metal 
tube of the triple-grid type with a 
sharp cut-off characteristic. Except 
for its heater rating of 12.6 volts and 
0.15 ampere, the electrical and physical 
characteristics of the 12SJ7 are the same as those of the 6SJ7. For heater operation 
and cathode connection, refer to Types 12A8-GT and 6A8, respectively. 



8N 



12SK7 



TRIPLE-GRID 
SUPER-CONTROL AMPLIFIER 



MCTAl 



The 12SK7 is a single-ended metal 
tube of the triple-grid type with a 
remote cut-off characteristic. Except 
for its heater rating of 12.6 volts and 
0.15 ampere, the electrical and physical 
characteristics of the 12SK7 are the same as those of the 6SK7 
tion and cathode connection, refer to Types 12A8-GT and 6A8, 




8N 



For heater opera- 
respectively. 



12SQ7 



DUPLEX-DIODE HIGH-MU 
TRIODE 



MCTAl 



The 12SQ7 is a single-ended metal 
type of multi-unit tube containing two 
diodes and a high-mu triode. Except 
for its heater rating of 12.6 volts and 
0.15 ampere, the electrical and physical 
characteristics of the 12SQ7 are the same as those of the 6SQ7. 




8Q 

For heater opera- 



tion and cathode connection, refer to Types 12A8-GT and 6A8, respectively. 
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4G 



HALF-WAVE 
HIGH-VACUUM RECTIFIER 



12Z3 



The 12Z3 is a half-wave, high- 
vacuum rectifier of the heater-cathode 
type for use in suitable circuits de- 
signed to supply d-c power from an a-c 
power line. It is intended for use in 
"transformerless" receivers of the "universal" (a.c.-d.c.) type. The adaptability 
of the 1223 to such receivers is facilitated by the heater design which permits of 
convenient series operation with other tube types. 



★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 12.6 Volts 

Heater Current 0.3 Ampere 



As Half-Wave Rectifier 

Peak Inverse Voltage 700 max. Volts 

Peak Plate Current 330 max. Milliamperes 

D-C Heater-Cathode Potential 350 max. Volts 

Typical Operation With Condenser-Input Filter: 

A-C Plate Voltage (RMS) 117 150 235 wax. Volts 

Total Effective Plate-Supply 

Impedancet 0 min. 30 min. 75 min. Ohms 

D-C Output Current 55 max. 55 max. 55 max. Milliamperes 

t When a filter-input condenser larger than 40 itt is used, it may be necessary to use more 
plate-supply impedance than the minimum value shown to limit the peak plate current to the 
rated value. 



INSTALLATION and APPLICATION 



OPERATION CHARACTERISTICS 



The base of the 12Z3 fits the standard four-contact socket which may be 
installed to hold the tube in any position. Physical characteristics of the 12Z3 are 
shown in Fig. 2-19, OUTLINES SECTION. Sufficient ventilation should be 
provided to circulate air freely around the tube 
to prevent overheating. 

The 12.6-volt heater of the 12Z3 is designed 
to operate under the normal conditions of line- 
voltage variation without materially affecting 
the performance or serviceability of this tube. 
For operation of the 12Z3 in series with the 
heaters of other types having 0.3 ampere rating, 
the current in the heater circuit should be ad- 
justed to 0.3 ampere for the normal supply 
voltage. 

A filter of the condenser-input type is rec- 
ommended for use with this tube in order to 
obtain a d-c output voltage as high as possible. 
A large input capacitance in the order of 16 nl 
is desirable. Typical output curves for several 
values of input condensers are shown in the ac- 
companying diagram. As a supplement to the 
curves with an a-c input voltage, a curve is in- 
cluded to show the output when the receiver is 
operated from a d-c power line. 




D-C LOAD MILLIAMPERES 

92C-536IRI 
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15 



R-F AMPLIFIER PENTODE 

The 15 it a heater-cathode type of pentode 
of the 2.0- volt type for uie in battery-operated 
receivers that require a separate cathode con- 
nection. The heater is rated at 2.0 volts 
(d.c.) and . 0.22 ampere. Characteristics at 
maximum plate volts of 135, maximum screen 
volts of 67.5, and grid-bias volts of -1.5 are: 
plate current, 1.85 milliamperes; screen cur- 
rent, 0.3 milliampere; plate resistance, 0.63 
megohm; transconductance, 750 micromhoa. 
The base of the 15 fits the standard five-pin socket which may be mounted to hold the tube 
in any position. Physical characteristics of the 15 are shown in Fig. 2-16, OUTLINES SECTION 
The heater-cathode potential should be kept as low as possible, but should never be greater than 
22.5 volts. Application of the 15 is similar to that of Type 1E5-GP. 




GT2 GTl 

CLASS B TWIN AMPLIFIER 

The 19 combines in one bulb two 

1Q high-mu triodes designed for class B 

7 operation. It is intended for use in 

the output stage of battery-operated 
receivers and is capable of supplying 
approximately 2 watts of audio power. 
The triode units have separate external 
terminals for all electrodes except the filaments, so that circuit design is similar to 
that of class B amplifiers utilizing individual tubes in the output stage. Except for 
the filament current 0.26 ampere, the electrical characteristics of the 19 are the same 
as those of the 1J6-G. For filament operation, refer to Type 1C7-G. The base of 
the 19 fits the standard six-pin socket which should be mounted to hold the tube 
preferably in a vertical position with base down. Horizontal operation is permis- 
sible- if pins 1 and 6 are in a horizontal plane. Physical characteristics of the 19 
are shown in Fig. 2-19, OUTLINES SECTION. 




POWER AMPLIFIER TRIODE 



20 



The 20 is a power-amplifier triode for dry- 
battery-operated receivers employing 3.3 volt 
filament tubes. The filament rating is 0.132 
ampere at 3.3 volts (d.c). Characteristics at 
maximum plate volts of 135, and grid-bias 
volts of -22.5 are: plate current, 6.5 milli- 
amperes, plate resistance, 6300 ohms; ampli- 
fication factor, 3.3; transconductance, 525 
micromhoa; load resistance, 6500 ohms; 
undistorted power output, 110 milliwatts. 
Physical characteristics of the 20 are shown 
in Fig. 2-14, OUTLINES SECTION. The 20 
is a discontinued type; it is retained for ref- 
erence only. 




40 



22 



SCREEN-GRID RADIO- FREQUENCY 
AMPLIFIER 

The 22 is a screen-grid, radio-frequency 
amplifier tube for use in dry-battery-operated 
receivers employing 3.3-volt filament tubes. 
The filament rating is 0.132 ampere at 3.3 
volts (d.c.) Characteristics at maximum 
plate volts of 135, maximum screen volts of 
67.5, and grid-bias volts of -1.5 are: plate 
current, 3.7 milliamperes; screen current, 1.3 
milliamperes; plate resistance, 325000 ohms; 
transconductance, 500 micromhos. Physical 
characteristics of the 22 are shown in Fig. 2-22, 
OUTLINES SECTION. The 22 is a discon- 
tinued type; it is retained for reference only. 
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SCREEN-GRID RADIO-FREQUENCY 
AMPLIFIER 

Tbc 24-A is a screen-grid amplifier tube of 
the heater -cathode type for use primarily as 
a radio-frequency amplifier in a-c operated 
receivers. 



24-A 



The heater is rated at 2.5 volts (a.c. or d.c.) 
and 1.76 ampere. The maximum plate and 
screen volts are 275 and 90, respectively. 
Characteristics at plate volts of 250, screen 
volts of 90, and grid -bias volts of -3 are: 
plate current, 4 milliamperes; screen current (max.), 1.7 milliamperes, plate resistance, 0.6 megohm; 
transconductance, 1050 micromhos. Capacitances (with shield-can) are: grid-plate 0.007 max. 
*«f; input 5.3 n«f; output, 10.5 wif. 

The base of the 24-A fits the standard five -contact socket which may be installed to hold 
the tube in any position. Physical characteristics of the 24-A are shown In Fig. 2-22, OUTLINES 
SECTION For heater operation and cathode connection, refer to Type 2A5. The screen voltage 
for the 24-A may be obtained from a fixed or variable tap on a voltage divider across the high- 
voltage supply, or across a portion of the supply. Complete shielding in all stages of the circuit 
is necessary if maximum gain per stage is to be obtained. ' 



Q~® POWER AMPLIFIER 

"Qf^rV\ PENTODES 25A6 

A ^rj-. The 25A6 and 25A6-G are power- mctai 
H ( 4^N r Ai^AL , H amplifier pentodes of the heater- 

Uj^TS) cathode type having 25-volt heaters O C A JL 
NclisAl-G^ RE1 ' £ 3 for operation on either a-c or d-c ZvMO"\7 
7S supply. They are especially useful in 

"d-c power line" or "universal" type 
receivers. In such application, these tubes are capable of handling relatively large 
audio power. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 25 Volts 

Heater Current , 0.3 Ampere 

As Class A, Amplifier 

Plate Voltage 160 max. Volts 

Screen Voltage 135 max. Volts 

Plate Dissipation 5.3 max. Watts 

Screen Sissipation 1.9 max. Watts 

Typical Operation: 

Plate Voltage 95 135 160 Volts 

Screen Voltage 95 135 120 Volts 

Grid Voltage -15 -20 -18 Volts 

Peak A-F Grid Voltage 15 20 18 Volts 

Zero-Signal Plate Current 20 37 33 Milliamperes 

Max.-Signal Plate Current 22 39 36 Milliamperes 

Zero-Signal Screen Current 4 8 6.5 Milliamperes 

Max.-Signal Screen Current 8 14 12 Milliamperes 

Plate Resistance (Approx.) 45000 35000 42000 Ohms 

Transconductance 2000 2450 2375 Micromhos 

Load Resistance 4500 4000 5000 Ohms 

Total Harmonic Distortion 11 9 10 Percent 

Max.-Signal Power Output 0.9 2 2.2 Watts 

INSTALLATION and APPLICATION 
The base of either the 25A6 or 25A6-G fits the standard octal socket which 
may be installed to hold the tube in any position. Physical characteristics of the 
25A6 and 25A6-G are shown in Figs. 1-7 and 2-21, respectively, in the OUTLINES 
SECTION. 

The 25-volt heater is designed to operate under the normal conditions of line- 
voltage variation without materially affecting the performance or serviceability 
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of these tubes. When the heater is operated in series with the heaters of other 
types having 0.3-ampere rating, the current in the heater circuit should be adjusted 
to 0.3 ampere for the normal supply voltage. 

In a series-heater circuit of the "d-c power line" type employing several 0.3- 
ampere (6.3-volt) types and one or two 25A6's or 25A6-G's, the heater(s) of the 
25-volt type(s) should be placed on the positive side of the line. Under these 
conditions, heater-cathode voltage of these tubes must not exceed the value given 
under cathode. In a series-heater circuit of the "universal" type employing a 
rectifier tube with 25-volt heater, one or two 25A6's or 25A6-G's and several 0.3- 
ampere (6.3-volt) types, it is recommended that the heater(s) of the 25A6('s) or 
25A6-G('s) be placed in the circuit so that the higher values of heater-cathode bias 
will be impressed on the 25A6('s) or 25A6-G('s) rather than on the 6.3-volt types. 
This is accomplished by arranging the 25A6('s) or 25A6-G('s) on the side of the 
supply line which is connected to the cathode of the rectifier, ie., the positive 
terminal of the rectified voltage supply. Between this side of the line and the 
25A6('s) or 25A6-G('s), any necessary auxiliary resistance and the heater of the 
25-volt heater type rectifier are connected in series. 

The cathode circuit in "d-c power line" or "universal" receivers is tied in either 
directly or through biasing resistors to the negative side of the d-c plate supply 
which is furnished either by the d-c power line or by the a-c line by means of a 
rectifier. The potential difference thus introduced between heater and cathode of 
the 25A6 or 25A6-G should not exceed 90 volts d.c, as measured between the 
negative heater terminal and the cathode. 

The cathode resistor should be shunted by a suitable filter network to avoid 
degenerative effects at low audio frequencies. The use of two 25A6's or 25A6-G-'s 
in push-pull eliminates the necessity for shunting the resistor. The cathode resistor 
for two tubes in the same stage is approximately one-half the value given for single- 
tube operation. 

The total d-c resistance in the grid circuit should not exceed 0.5 megohm with 
cathode bias, or 0.5 megohm for the 95-volt condition and 50000 ohms for the 135- 
volt and 160-volt conditions with fixed bias. 



AVERAGE PLATE CHARACTERISTICS 




I I I I 
TYPE 25A6 
Cf =25 VOLTS 
SCREEN VOLT5 =1 35 



ISO 200 2S0 

PLATE VOLTS 



400 
92C-4SS9 



RECTIFIER-PENTODE 

r\ r- A ~7 The 25A7-G is a heater-cathode 

ZjA/-w type °* tUDe containing a half-wave, 
^ ' high-vacuum rectifier and a power- 

amplifier pentode in one envelope. It 
is particularly useful in small receivers 
of the "universal" type. 
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CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 25 

Heater Current 0.3 

Pentode Unit — As Class A, Amplifier 

Plate Voltage 100 max. 

Screen Voltage (Grid No. 2) 100 max. 

Grid Voltage (Grid No. 1) -15 

Plate Current 20.5 

Screen Current 4 

Plate Resistance 50000 

Transconductance 1800 

Load Resistance 4500 

Output* 0.77 

* 9% total harmonic distortion. 

Rectifier Unit 

A-C Plate Voltage (RMS) 125 max. 

D-C Output Current 75 max. 



Volts 
Ampere 



Volts 
Volts 
Volts 

Milliamperes 

Milliamperes 

Ohms 

Micromhos 

Ohms 

Watt 



Volts 

Milliamperes 



INSTALLATION and APPLICATION 
The base of the 25A7-G fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 25A7-G are shown 
in Fig. 2-21, OUTLINES SECTION. For heater operation and cathode connec- 
tion of the pentode unit, refer to Type 25A6. 




HIGH-MU POWER AMPLIFIER 
73^-3. W TRIODE 

[7 ) .The 25AC5-GT is a power amplifier 25AC5-GT 

H triode of the heater-cathode type for 

'key-^ use in the output stage of a-c/d-c radio 

nc k receivers. 

G-6Q 

CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 25 Volts 

Heater Current 0.3 Ampere 

Average Characteristics: 

Plate Voltage 110 Volts 

Grid Voltage +15 Volts 

Amplification Factor 58 

Plate Resistance 15200 Ohms 

Transconductance 3800 Micromhos 

Plate Current 45 Milliamperes 

Grid Current 7 Milliamperes 

As Class B Power Amplifier 

Plate Voltage 180 max. Volts 

Average Plate Dissipation 10 max. Watts 

Typical Operation: 

Values art for two tubes 

Plate Voltage 180 Volts 

Grid Voltage 0 Volts 

Peak A-F Grid-to-Grid Voltage 60 Volts 

Zero-Signal D-C Plate Current 4 Milliamperes 

Effective Load Resistance (Plate-to-plate) 4800 Ohms 

Power Output* 6 Watts 

• With peak input of 810 milliwatt! applied between grids. 
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INSTALLATION and APPLICATION 

The base of the 25AC5-GT fits the standard octal socket which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to Type 25A6. Physical characteristics of the 25AC5-GT are 
shown in Fig. 2-8, OUTLINES SECTION. 

In push-pull class B service, the 25AC5-GT should be operated as shown under 
CHARACTERISTICS. 

In direct-coupled power-amplifier service, a single 25AC5-GT is preceded by 
a driver tube in a dynamic-coupled amplifier circuit similar to that shown under 
Type 6AC5-G. The only difference is that the 25000-ohm resistor is not required. 
Bias voltage for both the 25AC5-GT and the driver is developed by the dynamic- 
coupled connection shown in the circuit arrangement. The total d-c resistance 
in the grid circuit of the driver should not exceed 1.0 megohm. Maximum ratings 
for the 25AC5-GT in this service are: plate volts, 180; and average plate dissipa- 
tion, 10 watts. Typical operating values with Type 6AE5-GT as driver are: plate- 
supply volts, 110; av. plate ma., 45; av. plate ma. of driver, 7; input signal volts 
(rms) to driver, 22; load resistance, 2000 ohms; and power output, 2 watts with 
10% distortion. Typical operating values with Type 6P5-G as driver are: plate- 
supply volts, 180; av. plate ma., 27; av. plate ma. of driver, 4; input signal volts 
(rms) to driver, 12; load resistance, 8000 ohms; and power output, 2 watts with 
i0% distortion. In these typical operating conditions, current does not flow in 
the driver grid circuit during any part of the input cycle. 

POWER AMPLIFIER 

PENTODE "(-3) 

O^nQA ("1 The 25B6-G is a power-amplifier 

£.\JU\J~\J pentode of the heater-cathode type u (2^" A i^ 7 ) 
for use in radio receivers of the "uni- 
versal" type where large power output W, r „w« 
is desired. NC c 3 

G-7S 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 25 Volts 

Heater Current 0.3 Ampere 

As Class A, Amplifier 

Plate Voltage 200 max. Volts 

Screen Voltage (Grid No. 2) 135 max. Volts 

Plate Dissipation 12.5 max. Watts 

Screen Dissipation 2 max. Watts 

Typical Operation: 

Plate Voltage 105 135 200 Volts 

Screen Voltage 105 135 135 Volts 

Grid Voltage (Grid No. 1) -16 -22 -23 Volts 

Peak A-F Grid Voltage 16 22 23 Volts 

Zero-Signal Plate Current 48 61 62 Mililamperes 

Max.-Signal Plate Current 55 69 71 Milliamperes 

Zero-Signal Screen Current 2 2.5 1.8 Milliamperes 

Max.-Signal Screen Current 10 14.5 13 Milliamperes 

Plate Resistance 15500 15000 18000 Ohms 

Transconductance 4800 5000 5000 Micromhos 

Load Resistance 1700 1700 2500 Ohms 

Total Harmonic Distortion 12.5 14 15 Percent 

Second Harmonic Distortion ... 7 8 8.5 Per cent 

Third Harmonic Distortion 10 11 11 Per cent 

Max.-Signal Power Output 2.4 4.3 7.1 Watts 

INSTALLATION and APPLICATION 
The base of the 25B6-G fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 25B6-G are shown 
in Fig. 2-21, OUTLINES SECTION. For filament operation and cathode connec- 
tion, refer to Type 25A6. 
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BEAM POWER AMPLIFIERS 



25L6 



MttAl 



25L6-G 



The 25L6, 25L6-G, and 25L6-GT 
are beam power amplifier tubes of the 
heater-cathode type designed for use 
in the output stage of "transformer- 
less" (a.c-d.c.) receivers. These tubes 
provide high power output at the rela- 
tively low plate and screen voltages Q C I JL X 
available for transformerless receivers. ^OLO~ v7 I 
The high power output is obtained 
with high power sensitivity and high efficiency. These distinctive features have 
been made possible by the application of directed-electron-beam principles in the 
design of these types. The design is similar to that of the RCA-6L6. 



S:25L6 
NC:25L6-G 
NC:25L6-GT 



7AC 



★ CHARACTERISTICS, 

Heater Voltage (A.C. or D.C.) . 25.0 

Heater Current 0.3 

As Class Ax Amplifier 

Plate Voltage 117 max. 

Screen Voltage (Grid No. 2) 117 max. 

Plate Dissipation 4 max. 

Screen Dissipation 1.25 max. 

Typical Operation: 

Plate Voltage 110 110 

Screen Voltage 110 110 

Grid Voltage (Grid No. 1) -7.5 -7.5 

Peak A-F Grid Voltage 7.5 7.5 

Zero-Signal Plate Current 49 49 

Max.-Signal Plate Current 54 50 

Zero-Signal Screen Current 4 4 

Max.-Signal Screen Current 9 11 

Plate Resistance (Approx.) 10000 10000 

Transconductance 8200 8200 

Load Resistance 1500 2000 

Total Harmonic Distortion 11 10 

Second Harmonic Distortion 10 3.5 

Third Harmonic Distortion 4 8.5 

Max.-Signal Power Output 2.1 2.2 



Volts 

Ampere 



Volts 
Volts 
Watts 
Watts 

Volts 
Volts 
Volts 
Volts 

Milliamperes 

Milliamperes 

Milliamperes 

Milliamperes 

Ohms 

Micromhos 

Ohms 

Per cent 

Per cent 

Per cent 

Watts 



INSTALLATION and APPLICATION 

The base of either the 25L6, 25L6-G, or 25L6-GT fits the standard octal socket 
which may be installed to hold the tube in any position. Physical characteristics 
of the 25L6, 25L6-G, and 25L6-GT are shown in Figs. 1-7, 2-21, and 2-8, respec- 
tively, in the OUTLINES SECTION. For heater operation and cathode connection, 
refer to Type 25A6. 

The 25L6, 25L6-G, and 25L6-GT should be operated as shown under CHAR- 
ACTERISTICS. The values have been determined on the basis that grid current 
does not flow during any part of the input cycle. The type of input coupling used 
should not introduce too much resistance in the grid circuit. Transformer* or 
impedance-coupling devices are recommended. When the grid circuit has a d-c 
resistance not higher than 0.1 megohm, fixed bias may be used; for higher values, 
cathode bias is required. With cathode bias, the grid circuit may nave a d-c 
resistance as high as, but not greater than 0.5 megohm, provided the heater voltage 
is not allowed to rise more than 10% above the rated value under any condition 
of operation. 
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AVERAGE PLATE CHARACTERISTICS 
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2515 
2516 

MfTAl 

25Z6-G 
25Z6-GT 



RECTIFIER-DOUBLERS 

The 25Z5, 25Z6, 25Z6-G, and 25Z6- 
GT are full-wave, high-vacuum rectifiers 
of the heater-cathode type for use in 
suitable circuits designed to supply 
d-c power from an a-c power line. 
These tubes are well suited for "trans- 
formerless" receivers of either the 
"universal (a.c.-d.c.)" type or the "a-c 
operated" type. In "universal" re- 
ceivers, these tubes may be used as 
half-wave rectifiers, while in the "a-c 
operated" type, they may be used as 
voltage doublers to provide about twice 
the d-c output voltage obtainable from 
the half-wave arrangement. This two- 
fold application is made possible by 
the use of a separate base pin for each 
of the two cathodes in the respective 
types. For voltage-doubler considera- 
tions, see RADIO TUBE APPLICA- 
TIONS section. 



KD2 




S:25Z6 - — KFY v 
NC:25Z6-GT 

7Q 

Type* 2SZ6, 25Z6-G 
and 25Z6-GT 



★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 

Heater Current 

As Rectifier or Doubler 

Peak Inverse Voltage 

Peak Plate Current Per Plate 

D-C Heater-Cathode Potential 

Typical Operation as Half-Wave Rectifier:* 
A-C Plate Voltage per Plate (RMS) 117 150 
Total Effective Plate-Supply 

Impedance per Plate t 0 min. 40 min. 

D-C Output Current per Plate ... 75 max. 75 max. 
• The two onitt may be oted teparately or in parallel. 
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25 
0.3 



700 max. 
450 max. 
350 max. 



Volts 
Ampere 



Volts 

Milliamperes 
Volts 



235 max. Volts 



100 min. 
75 max. 



Ohms 

Milliamperes 
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Typical Operation As Voltage-Doublbr: 

Hoif-Wan Full- Wave 

A-C Plate Voltage per Plate (RMS) 117 max. 117 max. Volts 

Total Eff. Plate-Supply Imped, per Platef 30 min. 0 min. Ohms 

D-C Output Current 75 max. Umax. Milliamperes 

X When a filter-input condenser larger than 40 *f ia used, it may be naceaury touse more 
plate-supply impedance than the minimum value shown to limit the peak plate current to the 
rated value. 

INSTALLATION and APPLICATION 

The base of the 25Z5 fits the standard six-contact socket whereas the base of 
the 25Z6, 25Z6-G, and 25Z6-GT fits the standard octal socket. The sockets for 
any of these types may be installed to hold the tubes in any position. Physical 
characteristics of the 25Z5, 25Z6, 25Z6-G, and 25Z6-GT are shown in Figs. 2-19, 
1-7, 2-17, and 2-8, respectively, in the OUTLINES SECTION. Sufficient ventilation 
should be provided to circulate air freely around these tubes to prevent overheating. 

The heater in these types is designed to operate under the normal conditions 
of line voltage variation without materially affecting the performance or service- 
ability of the tubes. The current in the heater circuit should be adjusted to 0.3 
ampere for the normal supply voltage. 

A filter of the condenser-input type is recommended for use with any of these 
tubes in order to obtain a d-c output voltage as high as possible. A large input 
capacitance in the order of 16 nl is desirable for half-wave rectifier service, while 
a higher value is advantageous for voltage-doubler circuits. 

Typical output curves for several values of input condensers are shown in the 
accompanying diagrams. Although these curves are set up for the 25Z6, they 
apply equally as well to the 25Z5, 25Z6-G, and 25Z6-GT. The voltage-doubler 
curves are for a full-wave doubler circuit and the rectifier curves are for the two 
diode units connected in parallel in a conventional half-wave circuit. 



OPERATION CHARACTERISTICS 
HALT-WAVE RECTIFIER 




OPERATION CHARACTERISTICS 
FULL -WAVE VOLTAGE DOUBLER 




40 80 120 160 

D-C LOAD MILLIAMPERES 

92C-4USRI 



20 40 60 ao 

D-C LOAD MILLIAMPERES 

92C-4SS7RI 



AMPLIRER TRIODE 

The 26 is an amplifier tube containing a 
filament designed for operation on alternating 
current. This tube is for use aa an r-f or a-f 
amplifier in equipment designed for its char- * 
acteristica. The 26 is not ordinarily suitable /O 
for use a* a detector of power amplifier. The 
base of the 26 fits the standard four-contact 
socket which should be installed to bold the 
tube in a vertical position. Physical charac- 
teristics of the 26 are shown in Fig. 2-25, 
OUTLINES SECTION. The coated fila- 
ment of the 26 should be operated at the rated voltage of 1.S volts from the a-c line through a 
step-down transformer. 
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CHARACTERISTICS 

Filament Voltage (A.C. or D.C.) 1.5 Volts 

Filament Current 1.05 Amperes 

Plate Voltage 90 135 180 max. Volt* 

Grid Voltage* -7 -10 -14.5 Volts 

Plate Current 2.9 5.5 6.2 Milliamperes 

Plate Resistance 8900 7600 7300 Ohms 

Amplification Factor 8.3 8.3 8.3 

Transconductance 935 1100 1150 Micromhos 

* Grid voltage measured from mid-point of a-c operated filament. 



27 




DETECTOR, AMPLIFIER 

The 27 is a three-electrode general purpose 
tube of the heater-cathode type for use as an 
an amplifier and detector in a-c receivers. 



CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 2.5 Volts 

Heater Current 1.75 Amperes 

Plate Voltage* 90 135 180 250 Volts 

Grid Voltage! -6 -9 -13.5 -21 Volts 

Plate Current 2.7 4.5 5.0 - 5.2 Milliamperet 

Plate Resistance 11000 9000 9000 9250 Ohms 

Amplification Factor 9 9 9 9 

Transconductance 820 1000 1000 975 Micromhos 

Grid-Plate Capacitance (Approx.) 3.3 MM f 

Grid-Cathode Capacitance (Approx.) 3.1 M( if 

Plate-Cathode Capacitance (Approx.) 2.3 »>if 

* Maximum plate voltage - 275 volts. 

t Maximum value of d-c resistance in grid circuit should not exceed 1.0 megohm. 



INSTALLATION and APPLICATION 

The base of the 27 fits the standard five-contact socket which may be installed to hold the 
tube in any position. Physical characteristics of the 27 are shown in Fig. 2-19, OUTLINES 
SECTION. For heater operation and cathode connection, refer to Type 2A5. 

As an amplifier, the 27 is applicable to the audio- or the radio-frequency stages of a receiver. 
Recommended plate and grid voltages are shown under CHARACTERISTICS. 

As a detector, the 27 may be operated either with grid leak and condenser or with grid bias. 
The plate voltage for grid-leak-and-condenser detection is 45 volts. A grid leak of from 1 to 5 
megohms used with a grid condenser of 0.00025 nl is suitable. For grid-bias detection, a plate 
voltage of 275 volts or less may be used. The corresponding grid bias should be adjusted so that 
the plate current, when no signal is being received, is approximately 0.2 milliampere. For the 
condition of 250 volts on plate and transformer coupling, the grid bias will be approximately 



DETECTOR AMPLIFIER TRIODE 



The 30 is a detector and amplifier tube of 
_ _ the three -electrode type for battery-operated 

Xfj receivers where economy of filament-current 

drain is important. Except for capacitances, 
which are shown below, the electrical charac- 
teristics of the 30 are the same as those of 
the 1H4-G. The base of the 30 fits the 
Btandard four-contact socket which should be 4D 
mounted to hold the tube preferably in a 
vertical position. Horizontal operation is permissible if pins 1 and 4 are in a vertical plane. 
Physical characteristics of the 30 are shown in Fig. 2-19, OUTLINES SECTION. For filament 
operation, refer to Type 1C7-G; for application, refer to Type 1H4-G. 

Grid-Plate Capacitance (Approx.) 6.0 u«i 

Grid-Filament Capacitance (Approx.) 3.0 u»t 

Plate-Filament Capacitance (Approx.) 2.1 ««! 
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31 



POWER AMPLIFIER TRIODE 

The 31 is a power-amplifier tube of the 
three-electrode type for battery-operated 
receiver* where economy of filament-current 
drain is important. 

The filament voltage and current are 2.0 
volu (d.c.) and 0.13 ampere, reapectively. 
Characteristics at maximum plate volts of 
180 and grid-bias volts of -30 are: plate 
current. 12.3 milliamperes; plate resistance, 
3600 ohms; amplification factor, 3.8; transconductance, 1050 micromhos; load resistance, 5700 
ohms; undistorted power output, 0.375 watt. The base of the 31 fits the standard four-contact 
socket which should be mounted to hold the tube preferably in a vertical position. Horizontal 
operation is permissible if pins 1 and 4 are in a vertical plane. Physical characteristics of the 31 
are shown in Fig. 2-19, OUTLINES SECTION. For filament operation refer to Type 1C7-G. 

As a power amplifier, the 31 should be operated as shown under CHARACTERISTICS. 
Grid voltage may be obtained from a C-battery, or by means of a cathode-bias resistor connected 
in the negative plate-return lead. The latter method is required where a grid resistor (maximum 
value 1 megohm) is used. If more output is desired than can be obtained from a single 31, two 
31's may be operated either in parallel or push-pull connection. 



4D 




„ SCREEN-GRID R-F AMPLIFIER 

'xNf 3) The 32 is a screen-grid tube primarily for 

use as a radio-frequency amplifier in battery- 
operated receivers where economy of filament- 
current drain is important. For base and socket 
mounting, see Type 30; for filament operation, 
see Type 1C7-G. Physical characteristics of 

the 32 are shown in Fig. 2 22, OUTLINES 

F * F ~ SECTION. For screen-voltage supply, shield- 

ing, and application, see Type 1E5-GP. The 
4K d-c resistance in the grid circuit of the 32 

should not exceed 2 megohms. 

CHARACTERISTICS 

Filament Voltage (D.C.) 

Filament Current 

Plate Voltage 135 

Screen Voltage (Grid No. 2) 67.5 max. 

Grid Voltage (Grid No. 1) -3 

Plate Current 1.7 

Screen Current (Maximum) 0.4 

Plate Resistance 0.95 

Transconductance 640 

Gru>-Plate Capacitance (With shield-can) 

Input Capacitance 

Output Capacitance 



32 



2.0 
0.060 
180 max. 
67.5 max. 
-3 
1.7 
0.4 
1.2 
650 
0.015 max. 
5.3 
10.5 



Volts 

Ampere 

Volts 

Volts 

Volts 

Milliamperes 

Milliampere 

Megohms 

Micromhos 

(•(if 

M«f 

(•of 
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POWER AMPLIFIER PENTODE 

The 33 is a power-amplifier pentode for use 
in the output stage of battery-operated 
receivers where economy of battery con- 
sumption is important. The base of the 33 fits 
the standard five-contact socket which should 
be installed to hold the tube in a vertical po- 
sition. In some cases, cushioning of the 
socket may be found desirable. Physical char- 
acteristics of the 33 are shown in Fig. 2-25, 
OUTLINES SECTION. For filament opera- 
tion, refer to Type 1C7-G. 

CHARACTERISTICS 

Filament Voltage (D.C.) 

Filament Current 

Plate Voltage 

Screen Voltage (Grid No. 2) 

Grid Voltage* (Grid No. 1) 

Plate Current 

Screen Current . . 

Plate Resistance (Approx.) 

Transconductance 

Load Resistance 

Cathode-Bias Resistor 

Power Output (7% total harmonic distortion) 

• D-c resistance in the grid circuit should not exceed 1.0 megohm under cathode-bias con- 
ditions; without cathode bias, the maximum value is 0.5 megohm. 





2.0 


Volts 




0.260 


Ampere 


135 


180 max. 


Volts 


135 


180 max. 


Volts 


-13.5 


-18 


VolU 


14.5 


22 


Milliamperes 


3 


5 


Milliamperes 


50000 


55000 


Ohms 


1450 


1700 


Micromhos 


7000 


6000 


Ohms 


770 


670 


Ohms 


0.7 


1.4 


Watts 
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SUPER-CONTROL R-F 
AMPLIFIER PENTODE 

The 34 it a super-control pentode lor uie 
n A primarily at a radio-frequency amplifier and 

A A intermeaiate-freqnency amplifier in battery- 

v operated receiver! where economy ef filament- 

current drain ia important. The auper -control 
feature is explained under Super-Control 
Amplifier in RADIO TUBE APPLICA- 
TIONS section. For bate and socket mount- 4M 
inf. tee Type 30. Physical characteristic! of 
the 34 in shown in Fit- 2-22, OUTLINES SECTION. For filament operation, refer to Type 
1C7-G; and for application, to Type 1D5-GP. 




CHARACTERISTICS 



Filament Voltaob (D.C) 

Filament Current 

Plate Voltagi 

Screen Voltage (Grid No. 2)* 

Grid Voltage, Variable (Grid No. 1) 

Plate Current , 

Screen Current 

Plate Resistance 

Transconductance 

Transconductance (At -22.5 volts bias) . . . 

Grid-Plate Capacitance (With shield-can) 

Input Capacitance 

Output Capacitance 

* Under conditions of maximum plate current. 



67.5 


135 


67.5 max. 


67.5 max. 


-3 min. 


-3 min. 


2.7 


2.8 


1.1 


1.0 


0.4 


0.6 


560 


600 


15 


15 



1.0 
0.060 
180 max. 
67.5 max. 
-3 min. 
2.8 
1.0 
1.0 
620 
15 

0.015 max. 
6.0 
11.5 



Voha 

Ampere 

Volts 

Volts 

Volts 

Milliamperas 

Milliamperes 

Megohm 

Micromhot 

Micromhos 

S3 
pal 
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SUPER-CONTROL R-F AMPLIFIER 

The 35 is a super-control screen-grid 
amplifier tube of the beater-cathode 'type 
recommended as an r-f amplifier and an i-f 
amplifier in a-c receivers. The 35 is effective 
in reducing cross-modulation and modulation- 
distortion over the entire range of received 
signals. Its design is such as to permit easy 
control of a large range of signal voltages 
without the use of local-distance switches or 
antenna potentiometers. The 35 is inter- 
changeable with Type 51. 




CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 2.6 Volts 

Heater Current 1.76 Amperes 

Plate Voltage* 180 280 Volts 

Screen Voltage (Grid No. 2) 90 max. 90 max. Volts 

Grid Voltage, Variable (Grid No. 1) -3 min. -3 min. Volts 

Plate Current 6.3 6.5 Mflliamperes 

Screen Current (Maximum) 2.5 2.5 M&ttamperas 

Plate Resistance 0.3 0.4 Megohm 

Transconductance 1020 1050 Micromhos 

Transconductance (At -40 volts bias) 15 15 Micromhos 

Grid-Plate Capacitance (With shield-can) 0.007 max. md 

Input Capacitance 5.3 nA 

Output Capacitance 10.5 md 

* Maximum plate voltage — 275 volts. 



INSTALLATION and APPLICATION 

The base of the 35 fits the standard five-contact socket which may be installed to boM the 
tube in any position. Physical characteristics of the 35 are shown in Fig. 2-22, OUTLINES 
SECTION. For heater operation and cathode connection, refer to Type 2A5. The screen 
voltage for the 35 may be obtained from a fixed or variable tap on a voltage divider across the 
supply voltage or from a portion of the supply. Complete shielding for all stages of the circuit 
is necessary if maximum gain and the volume-control-range capabilities of this tube are to be 
realized. 

As a radio-frequency and intermediate-frequency amplifier, the 35 should be operated at 
ihown under CHARACTERISTICS. Volume control of receivers designed for the 35 may be 
accomplished by variation of the negative grid bias of this tube. In order to utilize the full 
volume-control range of the 35, an available grid-bias voltage of approximately 50 volts will be 
required, depending on the circuit design and operating conditions. This voltage may be obtained 
from a potentiometer, a bleeder circuit, or from an adjustable cathode resistor. 
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NC_ NC 

^/^X^. BEAM POWER AMPLIFIER 

=il/J _ The 35A5-LT is a beam power r\ r- k r- it 
P (z\ A^-yt^"^ amplifier of the heater-cathode type jnA J-L I 
7p sF for use in the output stage of a-c/d-c V v/**^ »- ' 
receivers. The 35A5-LT is inter- 
ne changeable with the 35A5. 

6AA 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 32 Volts 

Heater Current 0.15 Ampere 

As Class At Amplifier 

Plate Voltage 110 max. Volts 

Screen Voltage ., 110 max. Volts 

Typical Operation: 

Plate Voltage 110 Volts 

Screen Voltage 110 Volts 

Grid Voltage -7.5 Volts 

Peak A-F Grid Voltage 7.5 Volts 

Zero-Signal Plate Current 40 Milliamperes 

Max. -Signal Plate Current. . . 41 Milliamperes 

Zero-Signal Screen Current 3 Milliamperes 

Max.-Signal Screen Current 7 Milliamperes 

Plate Resistance 14000 Ohms 

Transconductance 5800 Micromhos 

Load Resistance 2500 Ohms 

Total Harmonic Distortion 6.5 Percent 

Max.-Signal Power Output 1.5 Watts 

INSTALLATION and APPLICATION 

The base of the 35A5-LT fits the lock-type socket which may be installed to 
hold the tube in any position. Physical characteristics of the 35A5-LT are shown 
in Fig. 2-9, OUTLINES SECTION. Heater operation and cathode connection 
are the same as for Type 35L6-GT. Application is also the same as for the 35L6-GT 
except as follows: with cathode bias, the grid current may have a d-c resistance 
not to exceed 0.5 megohm, provided the heater voltage is not allowed to rise more 
than 10% above the rated value under any condition of operation. 

© BEAM POWER AMPLIFIER 

P(Cn/^3 — i T\ 

The 35L6-GT is a power amplifier _ 
of the directed-electron-beam type for O Kl A Cmt 
(2)^ r A^^/7j H use in the output stage of "transform- vwLU"V«J I 
erless" receivers where high power 
, ryW ., sensitivity is desired with low power 

nc pbf consumption. 

G-7AC 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 35 Volts 

Heater Current 0.15 Ampere 

As Class A, Amplifier 

Plate Voltage 200 max. Volts 

Screen Voltage (Grid No. 2) 110 max. Volts 

Plate Dissipation 8.5 max. Watts 

Screen Dissipation 1 max. Watt 

Typical Operation: 

Plate Voltage 110 200 Volts 

Screen Voltage 110 110 Volts 
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Grid Voltage (Grid No. 1) -7.5 -8 Volts 

Peak A-F Grid Voltage 7.5 8 Volts 

Zero-Signal Plate Current 40 41 Milliamperes 

Max.-Signal Plate Current 41 44 Milliamperes 

Zero-Signal Screen Current 3 2 Milliamperes 

Max.-Signal Screen Current 7 7 Milliamperes 

Plate Resistance (Approx.) 14000 40000 Ohms 

Transconductance 5800 5900 Micromhos 

Load Resistance 2500 4500 Ohms 

Total Harmonic Distortion 10 10 Per cent 

Max.-Signal Power Output 1.5 3.3 Watts 

INSTALLATION and APPLICATION 

The base of the 35L6-GT fits the standard octal socket which may be mounted 
to hold the tube in any position. Physical characteristics of the 35L6-GT are shown 
in Fig. 2-8. OUTLINES SECTION. 

The 35-volt heater is designed to operate under the normal conditions of line- 
voltage variation without materially affecting the performance or serviceability 
of the 35L6-GT. For operation of the 35L6-GT in series with other types having 
0.15-ampere rating, the current in the heater circuit should be adjusted to 0.15 
ampere for the normal supply voltage. 

In a series-heater circuit of the "d-c power line" type employing several 0.15- 
ampere types and one or two 35L6-GT's, the heater(s) of the 35L6-GT('s) should 
be placed on the positive side of the line. Under these conditions, heater-cathode 
voltage of the 35L6-GT must not exceed the value given under cathode. In a 
series-heater circuit of the "universal" type employing rectifier tube 35Z4-GT, one 
or two 35L6-GT's, and several 0.15-ampere types, it is recommended that the 
heater (s) of the 35LfrGT('s) be placed in the circuit so that the higher values of 
heater-cathode bias will be impressed on the 35L6-GT('s) rather than on the other 
0.15-ampere types. This is accomplished by arranging the 35L6-GT('s) on the 
side of the supply line which is connected to the cathode of the rectifier, i.e., the 
positive terminal of the rectified voltage supply. Between this side of the line and 
the 35L6-GT('s), any necessary auxiliary resistance and the heater of the 35Z4-GT 
are connected in series. 

The cathode circuit in "d-c power line" or "universal" receivers is tied in either 
directly or through biasing resistors to the negative side of the d-c plate supply 
which is furnished either by the d-c power line or by the a-c line by means of a 
rectifier. The potential difference thus introduced between heater and cathode of 
the 35L6-GT should not exceed 90 volts d.c, as measured between the negative 
heater terminal and the cathode. 

As a power amplifier (class Aj), the 35L6-GT is recommended for use either 
singly or in push-pull combination in the power-output stage of "d-c power line" 
and "universal" receivers. The operating values shown under CHARACTER- 
ISTICS have been determined on the basis that grid current does not flow during 
any part of the input cycle. The type of input coupling used should not introduce 
too much resistance in the grid circuit. Transformer or impedance coupling devices 
are recommended. When the grid circuit has a d-c resistance not higher than 0.1 
megohm, fixed bias may be used; for higher values, cathode bias is required. With 
cathode bias, the grid circuit may have a d-c resistance as high as, but not greater 
than 0.75 megohm. 

NC_ _NC 

HALF-WAVE HIGH-VACUUM ^ ^ , 

RECTIFIER n Wa-i \T) 

O CTO I T The 35Z3-LT is a half-wave, high- , z) 
\J \J JL-\J ~ L. I vacuum rectifier of the heater-cathode p ^ 

type for use in a-c/d-c receivers. The 

35Z3-LT is interchangeable with the 

35Z3. The base of the 35Z3-LT fits az 

the lock-type socket which may be in- 
stalled to hold the tube in any position. Physical characteristics of the 35Z3-LT 
are shown in Fig. 2-7, OUTLINES SECTION. For heater operation, see Type 
35L6-GT. 
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★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 32 Volts 

Heater Current 0.15 Ampere 

As Half-Wave Rectifier 

Peak Inverse Voltage 700 max. Volts 

Peak Plate Current 600 max. Milliamperes 

D-C Heater-Cathode Potential 350 max. Volts 

Typical Operation with Condenser-Input Filter: 

A-C Plate Voltage (RMS) 117 150 235 max. Volts 

Total Effective Plate-Supply 

Impedancet 0 min. 40 min. 100 min. Ohms 

D-C Output Current 100 max. 100 max. 100 max. Milliamperes 

t When a filter-input condenser larger than 40 ni is used, it may be necessary to use more 
plate-supply impedance than the minimum value shown to limit the peak plate current to the rated 
value. 

frf HALF-WAVE HIGH-VACUUM 
RECTIFIER 

~1 •— i L The 35Z4-GT is a half-wave, high- -jry A CT 

H&\~-^ryZ)» vacuum rectifier of the heater-cathode oOZ.4-v7 I 
(^rrrff type for use in suitable circuits de- 

nc M»ey^ k signed to supply d-c power from an 

g-saa a " c P° wer ^ me - The base of the 35Z4-GT 

fits the standard octal socket which may 
be installed to hold the tube in any position. Physical characteristics of the 35Z4-GT 
are shown in Fig. 2-8, OUTLINES SECTION. For heater operation, refer to Type 
35L6-GT. 

CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 35 Volts 

Heater Current 0.15 Ampere 

As Half- Wave Rectifier 

Peak Inverse Voltage 700 max. Volts 

Peak Plate Current 600 max. Milliamperes 

D-C Heater-Cathode Potential 350 max. Volts 

With Condenser-Input Filter: 

A-C Plate Voltage (RMS) 117 max. 235 max. Volts 

Total Effective Plate-Supply Impedance* 15 min. 100 min. Ohms 

D-C Output Current 100 max. 100 max. Milliamperes 

* When a filter-input condenser larger than 40 jif is used, it may be necessary to use more 
plate-supply impedance than the minimum value shown to limit the peak plate current to the rated 
value. 

© HALF-WAVE HIGH-VACUUM 
HL fly^ _£\ RECTIFIER 

The 35Z5-GT is a half-wave, high- 35Z5-GT 
[7) ■ vacuum rectifier of the heater-cathode 
type for use in a-c/d-c radio receivers. 
nc'key^ The heater is provided with a tap for 

g-6ad operation of a panel lamp. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 

Entire Heater (Pins No. 2 and No. 7) 35 Volts 

Panel-Lamp Section (Pins No. 2 and No. 3) with 
0.15 ampere flowing between pins No. 2 and No. 7 7.5 Volts 
Heater Current 0.15 Ampere 

As Half- Wave Rectifier 

A-C Plate Voltage (RMS) 235 max. Volts 

Peak Inverse Voltage 700 max. Volts 

Peak Plate Current 600 max. Milliamperes 
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D-C Output Current: 



wit L t _„ „j I No Shunting Resistor 60 

With Panel Lamp and ( Shunting r^,. go 



Without Panel Lamp . 
Shunting Resistor: 
For D-C Ouput Current of 



60 max. 

max. 
100 max. 



70 ma 800 max. 

80 ma 400 max. 

90 ma 250 max. 

D-C Heater-Cathode Potential 350 max. 

Panel-Lamp Section Volt. (RMS) when panel 

lamp fails 15 max. Volts 

Typical Operation: 

With No. 40 or No. 47 Panel Lamp in Circuit Below with Condenser-Input Filter 



Milliamperes 
Milliamperes 
Milliamperes 

Ohms 
Ohms 
Ohms 
Volts 



Heater Cur. between Pins 3 & 7 0.15 



Heater Volt, between Pins 2 & 7 . . . 32 

Section Volt, between Pins 2 & 3* 5.5 

A-C Plate Voltage (RMS) 117 

Effective Plate-Supply Impedance! 15 

D-C Output Current 60 

Shunting Resistor — 

Without Panel Lamp — Conventional Half-Wate Circuit with Condenser-Input Filter 



0.15 
32 
5.5 
117 
15 
70 
300 



0.15 
32 
5.5 
117 
15 
80 
150 



0.15 
32 
5.5 
,117 
15 
90 
100 



0.15 
32 
5.5 
235 
100 
60 



Milliamperes 

Volts 

Volts 

Volte 

Ohms 

Milliamperes 
Ohms 



Heater Cur. between Pins 3 & 7 0.15 



Heater Volt, between Pins 2 & 7 35 

Section Volt, between Pins 2 & 3* 7.5 

A-C Plate Voltage (RMS) 117 

Effective Plate-Supply Impedance! 15 

D-C Output Current 100 

* Maximum. 

t Minimum values. When a filter-input condenser larger than 40 of is used, it may be neces 
sary to use more plate-supply impedance than the minimum value shown to limit the peak plate 
current to the rated value. 



0.15 
35 
7.5 
235 
100 
100 



Milliamperes 
Volts 
Volts 
Volts 
Ohms 

Milliamperes 



INSTALLATION and APPLICATION 

The base of the 35Z5-GT fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 35Z5-GT are shown 
in Fig. 2-8, OUTLINES SECTION. For 
heater operation, refer to Type 35L6-GT. 

With the panel lamp connected as 
shown in the circuit diagram, the panel- 
lamp voltage does not substantially ex- 
ceed its operating value when the receiver 
is turned on and off. The plate current 
of the 35Z5-GT passes through the panel 
lamp and the panel-lamp section of the 
heater. As a result, a higher level of illum- 
ination is obtained when the receiver is in 
operation. 



H7-V 
LINE 




DROP ACROSS R AND ALL HEATERS (WITH 
PANEL LAMP) SHOULD EQUAL 117 VOLTS AT 
0.15 AMPERE 



36 



SCREEN-GRID R-F AMPLIFIER 

The 36 is a heater-cathode type of screen- 
grid tube intended for use as a radio-frequency 
amplifier, intermediate-frequency amplifier, 
and detector. 




CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 

Heater Current • • • ,• • • 

Plate Voltage 100 135 180 

Screen Voltage (Grid No. Z) ... 55 67.5 90 max. 

Grid Voltage (Grid No. 1) -1.5 -1.5 -3 

Plate Current 1-8 ^-8 

Screen Current „ — „ — ~ 

Plate Resistance 0.55 0.475 0.5 
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6.3 
0.3 

250 max. 
90 max. 
-3 
3.2 

1.7 max. 
0.55 



Volts 

Ampere 

Volts 

Volts 

Volts 

Milliamperes 
Milliamperes 
Megohm 
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Transconductance 850 

Grid-Plate Capacitance (With shield-can) . 

Input Capacitance 

Output Capacitance 



1000 



1050 



1080 Micromhos 

0.007 max. mil 

3.7 wrf 

9.2 ««f 



INSTALLATION and APPLICATION 

The base of the 36 fits the standard five-contact socket which may be installed to hold the 
tube in any position. Physical characteristics of the 36 are shown in Fig. 2-16, OUTLINES 
SECTION. For neater operation and cathode connection, refer to Type 6A8. For screen voltage 
and shielding, refer to Type 35. 

As a radio-frequency amplifier, the 36 should be operated as shown under CHARACTER- 
ISTICS. As a detector, the 36 may he operated either with grid leak and condenser or with grid 
bias. For grid-bias detection, suitable operating conditions are: Plate-supply voltage, 180 volts 
applied through a plate-coupling resistor of 0.25 megohm or an equivalent impedance; screen 
voltage, 67.5 volts; and negative grid bias, 6 volts (approz.) so adjusted that a plate current of 
D.l milliampere is obtained with no input signal. 




DETECTOR, AMPLIFIER 

The 37 is a three-electrode general-purpose 
tube of the heater-cathode type for use as 
amplifier and detector. 



CHARACTERISTICS 



37 









6.3 
0.3 




90 


135 


180 


250 




-6 


-9 


-13.5 


-18 




2.5 


4.1 


4.3 


7.5 




11500 


10000 


10200 


8400 




9.2 


9.2 


9.2 


9.2 




800 


925 


900 


1100 



Grid-Plate Capacitance (Approx.) . 

Grid-Cathode Capacitance (Approx.) 
Plate-Cathode Capacitance (Approx.) 



2.0 
3.5 
2.9 



Volts 
Ampere 
Volta 
Volts 

MUliamperes 
Ohms 

Micromhos 
Mtf 

Mtf 



* The d-c resistance in the grid circuit should not exceed 1.0 megohm. 

INSTALLATION and APPLICATION 

The base of the 37 fits the standard five-contact socket which may be installed to hold the 
tube in any position. Physical characteristics of the 37 are shown in Fig. 2-19, OUTLINES 
SECTION. For heater operation and cathode connection, refer to Type 6A8. 

As an amplifier, the 37 is applicable to the audio- or the radio-frequency stages of a receiver. 
Recommended plate and grid voltages are shown under CHARACTERISTICS. As a detector, 
the 37 may be operated with either grid leak and condenser or with grid bias. The plate voltage 
for the grid-leak-and-condenser method is 45 volts. A grid leak of from 1 to 5 megohms used with 
a grid condenser of 0.00025 ni is suitable. For grid-bias detection a plate voltage of 250 volts, 
together with a negative grid bias of approximately 28 volts, may be used. The plate current 
should be adjusted to 0.2 milliampere with no input signal. 




POWER AMPLIFIER PENTODE 

The 38 is a power-amplifier pentode of the 
heater-cathode type. The relatively low 
heater current of this type makes it suitable 
for automobile receivers and for power-line- 
operated sets, particularly those with a series- 
beater arrangement. 



CHARACTERISTICS 



Heater Voltage (A.C. or D.C.) . 

Heater Current 

Plats Voltage 

Screen Voltage (Grid No. 2) ... 

Grid Voltage (Grid No. 1) 

Plate Current 

Screen Current 

Plate Resistance 

Transconductance 



100 


135 


180 


100 


135 


180 


-9 


-13.5 


-18 


7 


9 


14 


1.2 


1.5 


2.4 


0.14 


0.13 


0.115 


875 


925 


1050 



38 



6.3 Volts 
0.3 Ampere 
250 max. Volts 
250 max. Volts 
-25 Volts 
22 MUliamperes 
3.8 MUliamperes 
0.10 Megohm 
1200 Micromhos 
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Load Resistance 15000 13500 11600 10000 Ohm 

Cathode-Bias Resistor 1100 1100 1100 970 Ohms 

Power Output 0.27* 0.55t 1.0* 2.5* Watt* 

* 8% total harmonic distortion. 

1 10% total harmonic distortion. 

INSTALLATION and APPLICATION 

The base of the 38 fin the standard five-contact socket which may be installed to hold the 
tube in any position. Physical characteristics of the 38 are shown in Fig. 2-16, OUTLINES 
SECTION. For heater operation and cathode connection, refer to Type 6A8. 

For the sower amplifier stage ot radio receivers, the 38 is recommended either singly or in 
push-pull combination. Transformer- or impedance-coupling devices are preferable. If, how- 
ever, resistance coupling is used, the d-c resistance in the grid circuit should be limited to 1.0 
megohm with plate voltages up to 250 volts, provided the heater voltage does not rise more than 
10% above the rated value under any condition of operation. 

SUPER-CONTROL R-F AMPLIFIER 
PENTODE 

The 39/44 is a heater-cathode tube of the 
remote cut-off type suitable for use primarily 
as a radio-frequency amplifier and inter- 
mediate-frequency amplifier in receivers de- 
signed for its characteristics. The 39/44 is 
effective in reducing cross-modulation and 
modulation -distortion over the usual range of 
signal voltages without the use of antenna 
potentiometers or auxiliary volume-control 
switches. 



39/44 




Heater Voltage (A.C. or D.C.) . 

Heater Current 

Plate Voltage 

Screen Voltage (Grid No. 2) 

Grid Voltage (Grid No. 1) 

Plate Current 

Screen Current 

Plate Resistance 

Transconductance 

Transconductance (At -42.5 volts bias) 
Grid-Plate Capacitance (With shield-can) . 

Input Capacitance 

Output Capacitance 



CHARACTERISTICS 







6.3 






0.3 


90 


180 


250 max. 


90 


90 


90 max. 


-3 min. 


-3 min. 


-3 min. 


5.6 


5.8 


5.8 


1.6 


1.4 


1.4 


0.375 


0.75 


1.0 


960 


1000 


1050 


2 


2 


2 



0.007 max. 
3.5 
10 



Volts 

Ampere 

Volts 

Volts 

Volts 

Milliamperes 

Milliamperes 

Megohm 

Micromhos 

Micromhos 

wf 



INSTALLATION and APPLICATION 

The base of the 39/44 fits the standard five-contact socket which may be installed to hold 
the tube in any position. Physical characteristics of the 39/44 are shown in Fig. 2-16. OUTLINES 
SECTION. For heater operation and cathode connection, refer to Type 6A8. Complete shield- 
ing of all stages is necessary if maximum gain per stage is to be obtained. 

The screen voltage for the 39/44 may be obtained from a section of the B-battery, from a 
fixed or variable tap on a voltage divider across the supply voltage, or from a portion of the supply. 
Care should be taken to keep the impedance between the screen and cathode as low as possible. 
When the 39/44 is cathode-biased, a resistor in series with the high-voltage supply may be used 
for obtaining the screen voltage. This is possible because of the stable screen-current character- 
istic of the 39/44 pentode. The resistor method of obtaining the screen voltage is limited to 
circuits where the screen-voltage supply does not exceed 180 volts as a maximum. The value of 
this resistance should be such that under the conditions of minimum grid bias and maximum 
plate current the screen voltage will not exceed 90 volts. A resistance of approximately 80000 
ohms will be suitable. 

As a radio-frequency and intermediate-frequency amplifier, the 39/44 should be operated 
as shown under CHARACTERISTICS. Volume control of receivers designed for the 39/44 may 
be accomplished by variation of the negative grid bias of this tube. In order to obtain adequate 
volume control, an available grid-bias voltage of approximately 45 volts will be required. The 
exact value will depend upon the circuit design and operating conditions. This voltage may be 
obtained from a potentiometer, a bleeder circuit, a variable resistor in the cathode circuit, or from 
a separate source. 
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VOLTAGE AMPLIFIER TRIODE 

The 40 is a high-mu triode of the storage- 
battery type for use in resistance-coupled or 
impedance-coupled amplifier or detector 
circuits. Characteristics with maximum 
effective plate volts of 180 and grid-bias volts 
of -3 are- plate current, 0.2 milliampere; 
plate resistance, 150000 ohms; amplification 
factor, 30; transconductance, 200 micromhos. 
Filament volts, 5; amperes, 0.25. The effec- 




40 



rive voltage at plate is plate-supply voltage minus voltage drop in load of 0.25 megohm caused 
by rJatecmTent For physical Characteristics of the 40, see Fig. 2-25, OUTLINES SECTION . 
The 40 is a discontinued type; it is retained for reference only. 
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POWER AMPLIFIER PENTODE 

The 41 it a power-amplifier pentode of the 
heater-cathode type for uk id the output 
stage of radio receivers with 6.3-volt heater 
supply. Electrical characteristics, installa- 
tion (except that the base requires the use of 
the standard six-contact socket), and applica- 
tion are the same as for the 6K6-G. Physical 
characteristics of the 41 are shown in Fig. 
2-19, OUTLINES SECTION. 
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POWER AMPLIFIER PENTODE 

The 42 is a power-amplifier pentode ot the 
heater-cathode type for use in the output 
stage of a-c operated receivers. Electrical 
characteristics, installation (except that the 
base requires the use of the standard six- 
contact socket), and application are the same 
as for the 6F6. Physical characteristics of 
the 42 are shown in Fig. 2-25, OUTLINES 
SECTION. 
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POWER AMPLIFIER PENTODE 

The 43 is a power-amplifier pentode of the 
heater-cathode type for use in the output 
stage of radio receivers of the "d-c power 
line ' type and the "universal" type. Elec- 
trical characteristics, installation (except 
that the base requires the use of the standard 
six-contact socket), and application are the 
same as for the 25A6. Physical character- 
istics of the 43 are shown in Fig. 2-25. OUT- 
LINES SECTION. 
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POWER AMPLIFIER TRIODE 

The 45 is a power-amplifier triode 
of the filament type capable of supply- 
ing large undistorted power output 
from a-c operated receivers. 

CHARACTERISTICS 



45 



Volts 
Amperes 



Filament Voltage (A.C. or D.C.) 2.5 

Filament Current 1.5 

As Single-Tube Class A t Amplifier 

Filament Voltage (A.C.) 

Plate Voltage 

Grid Voltage* 

Cathode-Bias Resistor 

Plate Current 

Plate Resistance 

Amplification Factor 

Transconductance 

Load Resistance 

Undistorted Power Output .... 

* Grid volts measured from mid-point of a-c operated filament. Cathode bias is advisable in 
all cases; required if grid d-c resistance (max. value of 1.0 megohm) is used in grid circuit. 

As Push-Pull Class AB, Amplifier 

Values are for two tubes 

Fixed Bias Cathode Bias 

Filament Voltage (A.C.) 2.5 2.5 Volts 

Plate Voltage (Maximum) 275 275 Volts 







2.5 


Volts 


180 


250 


275 max. 


Volts 


-31.5 


-50 


-56 


Volts 


1020 


1470 


1550 


Ohms 


31 


34 


36 


Milliamperes 


1650 


1610 


1700 


Ohms 


3.5 


3.5 


3.5 




2125 


2175 


2050 


Microrohos 


2700 


3900 


4600 


Ohms 


0.825 


1.6 


2.0 


Watts 
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Grid Voltage 


-68 


— 


Volts 


Cathodb-Bias Resistor 


— 


775 


Ohms 


Average Driving Power (Grid-to-Grid) . 


656 


460 


Milliwatts 




28 


36 


Milliamperes 


Max.-Signal Plate Current 


138 


90 


Milliamperes 


Effective Load Resistance 






(Plate-to-plate) 


3200 


5060 


Ohms 


Total Harmonic Distortion 


5 


5 


Per cent 


Max.-Signal Power Output 


18 


12 


Watts 



INSTALLATION and APPLICATION 

The base of the 45 fits the standard four-contact socket which should be 
installed to hold the tube preferably in a vertical position. Horizontal operation 
is permissible if pins 1 and 4 are in a vertical plane. Physical characteristics of 
the 45 are shown in Fig. 2-25, OUTLINES SECTION. 

In a push-pull Class AB 4 stage, the 45 is operated under conditions such that 
a small amount of grid current flows during the most positive swing of the input 
signal and the second harmonic distortion is cancelled by virtue of the push-pull 
circuit. A driver stage, consisting of one 56 operated at 250 volts on the plate, 
will drive two 45's in push-pull (fixed bias or cathode bias) to the stated output 
values. A step-down interstage transformer of suitable design is required. 

HALF-WAVE HIGH-VACUUM 
RECTIFIER 

45Z5-GT The 45Z5-GT is a half-wave rectifier 

of the heater-cathode type for use in H 
a-c/d-c receivers. The heater is pro- 
vided with a tap for operation of a 



panel lamp. g-6ad 

CHARACTERISTICS 

Heater Voltage (A.C. or D.C.): 

Entire Heater (Pins No. 2 & No. 7) 45 Volts 

Panel-Lamp Section (Pins No. 2 & No. 3) with 0.15 

ampere flowing between pins No. 2 & No. 7 7.5 Volts 

Heater Current 0.15 Ampere 

As Half- Wave Rectifier 

A-C Plate Voltage (RMS) 

Without Series Resistor 125 max. Volts 

With Series Resistor* 250 max. Volts 

Peak Plate Current: 
Without Panel Lamp and No Plate-to-Heater Tap 

Connection 600 max. Milliamperes 

D-C Output Current: 
Without Panel Lamp and No Plate-to-Heater Tap 

Connection 100 max. Milliamperes 

With Panel Lamp" and Plate-to-Heater Tap Con- 
nection! 60 max. Milliamperes 



* An a-c input voltage greater than 125 volts requires the use of a 100-ohra (min.) resistor 
in series with the plate lead. 

° Type 40, for example. t See circuit under Type 35Z5-GT. 

INSTALLATION and APPLICATION 

The base of the 45Z5-GT fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 45Z5-GT are shown 
in Fig. 2-8. OUTLINES SECTION. Except for the difference in heater voltage, 
the 45Z5-GT is similar in operation and application to the 35Z5-GT. 
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DUAL-GRID POWER AMPLIFIER 

The 46 is a double-grid power-amplifier 
tube recommended especially for Mr vice ia 
clati B amplifier circuit* of ratable deeiga. 
The base of the 46 fit> toe standard five- 
contact aocket which may be metalled to hold 
the tube preferably in a vertical position. 
Horizontal operation is permissible if pins 1 
and 5 are in a vertical plane. Physical char- 
acteristics of the 46 are shown in Fig. 2-27 
OUTLINES SECTION. 



CHARACTERISTICS 



Filament Voltage (A.C. or D.C.) 

FILAMENT CURRENT , 



46 



2.5 
1.76 



Volts 
Amperes 



As Push-PuK Clan B AnpUflar 
(Grids No. I and No. 2 connected together at socket) 

Plate Voltage , 400 max. 

Peak Plate Current 200 max. 

Average Plate Dissipation 10 max. 

Typical Operation: 

Valuta art for two luett 

Plate Voltage 300 400 

Grid Voltage 0 0 

Peak A-F Grid-tc-Grid Voltage 113 116 

Zero-Signal Plate Current ■. 8 12 

Effective Load Resistance (Plate-to-plate) 5200 5800 

Max.-Signal Power Output (Approx.) 16* 20t 

* With average power input of 950 milliwatts applied between grids. 

t With average power input of 650 milliwatt* applied between grids. 



Volts 

MUliampares 
Watts 



Volts 
Volts 
Volts 

Milliamperas 

Ohms 

Watts 



As Class Ai Amplifier 

(Grid No. 2 connected to plate at socket) 

Plate Voltage 250 max. Volts 

Grid Voltage -33 Volts 

Plate Current 22 Milltamperea 

Plate Resistance 2380 Ohms 

Amplification Factor 5.6 

Transconductancb 2350 Micromhos 

Load Resistance (For max. undistorted power) tt 6400 Ohms 

Undistorted Power Output 1.25 Watts 

tt Approximately twice this value is recommended for load of this tube as driver for class B 
stage. 




(?) POWER AMPLIFIER PENTODE 

The 47 is a power-amplifier pentode for 
use in the audio output stage of a-c receivers. 

Plz Y r I y~~\ r Id comparison with three-electrode class A 

v a power amplifiers of the same plate dissipa- a —j 

tion, the 47 is capable of greater output with A/ 
the additional feature of higher amplification. 
( 5 ) The base of the 47 fits the standard five- 
p— ^-i contact socket which should bs installed to 
bold the tube preferably in a vertical position. 
SB Horizontal operation is permissible ii pins 1 
and 5 are in a vertical plane. Filament op- 
eration Is the same as for Type 46. Physical characteristics of the 47 ar shown in Fig. 2-27 
OUTLINES SECTION. 

CHARACTERISTICS 

Filament Voltage (A.C. or D.C.) 2.5 Volts 

Filament Current 1-75 Amperes 

Plate Voltage 250 max. Volts 

Screen Voltage .250 max. Volts 

Grid Voltage* -16-5 Vol«» 

Cathode-Bias Resistor 460 tm™ 

Plate Current 31 Mil iamperes 

Screen Current ._<j MHuamperes 

Plate Resistance 6 2Z5! O^ms . 

Transconductancb 2500 Micromhos 

Load Resistance 7000 Vd?™' 

Power Output (6% total harmonic distortion) 2.7 Watts 

• If filament is operated on d.c, the grid bias should be -15.3 volts. The d-c r esi s tan c e in 
the grid circuit should not exceed 0.5 megohm with cathode bias, or 50000 ohms with fixed bias. 
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48 




POWER AMPLIFIER TETRODE 

The 48 is a power amplifier tetrode which 
has pentode characteristic* when operated 
at the recommended screen and plate volt- 
ages. It is (or use in the audio output stage 
of receivers designed to operate from d-c 
power lines. The base of the 48 fits the stand- 
ard six-contact socket which should be mount- 
ed to hold the tube preferably in a vertical 
position with base down. Horizontal opera- 
tion is permissible If pins 2 and 5 are in a ver- 
tical plane. Physical characteristics of the 48 
are shown in Fig. 2-27, OUTLINES SECTION. The heater is designed to operate on direct 
current. In a series-heater circuit employing one or more 48's, the heater(s) of the 48('s) should 
be placed on the positive side of the line. The cathode circuit in d-c receivers is tied in either di- 
rectly or through biasing resistors to the negative side of the heater circuit. The potential dif- 
ference thus introduced between heater and cathode of the 48 should not exceed 90 volts, as 
measured between the negative heater terminal and the cathode. 

CHARACTERISTICS 

Heater Voltage (D.C.) 30 Volts 

Heater Current <, 0.4 Ampere 

Plate Voltage 96 125 max. Volts 

Screen Voltage (Grid No. 2) 96 100 max. Volts 

Grid Voltage (Grid No. l)t -19 -20 Volts 

Cathode-Bias Resistor 310 310 Ohms 

Plate Current 52 56 Milliamperes 

Screen Current 9 9.5 Milliamperes 

Plate Resistance Subject to considerable variation 

Transconductance 3800 3900 Micromhos 

Load Resistance 1500 1500 Ohms 

Power Output* 2 2.5 Watts 

t The d-c resistance in the grid circuit should not exceed 10000 ohmea. 

* 9% total harmonic distortion. 

DUAL-GRID POWER AMPLIFIER 

The 49 is a double-grid power amplifier 
designed for use in battery-operated receivers 
. _ employing 2-volt tubes. In such service, it a r,-v v_y-i r 

AO may be used either as a class B output tube p l 2 i _T~l' a J 0 2 

f or, by a change of socket conditions, as a 

class A driver tube. The base of the 49 fits 
the standard five-contact socket which should 
be installed to hold the tube in a vertical po- F - 
sition. Physical characteristics of the 49 are 
shown in Fig. 2-25, OUTLINES SECTION. 5C 
For filament operation, refer to Type 1C7-G. 

■»V CHARACTERISTICS 

Filament Voltage (D.C.) 2.0 Volts 

Filament Current 0.12 Ampere 

As Class B Power Amplifier 

Grids No. 1 and No. Z connected together et socket 

Plate Voltage 180 max. Volts 

Peak Plate Current per Tube 50 max. Milliamperes 

Typical Operation: 

Values are for two tubes 

Plate Voltage 135 180 Volts 

Grid Voltage 0 0 Volts 

Peak A-F Grid-to-Grid Voltage 70 70 Volts ' 

Zero-Signal Plate Current 2.6 4 Milliamperes 

Effective Load Resistance (Plate-to-plate) 8000 12000 Ohms 

Power Output (Approx.) 2.3 3.5 Watts 

As Driver — Class Ai Amplifier 

Grid No. 2 connected to plate at socket 

Plate Voltace 135 max. Volts 

Typical Operation: 

Plate Voltage 135 Volts 

Grid Voltage -20 Volts 

Plate Current 6.0 Milliamperes 

Plate Resistance 4175 Ohms 

Amplification Factor 4.7 

Transconductance 1125 Micromhos 

Load Resistance 11000* Ohms 

Power Output (Approx.) 0.170 Watt 

* Approximately twice this vaiue is recommended for load of this tube as driver for class 
B stage. 
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4D 



50 



POWER AMPLIFIER TRIODE 

The 50 is a power-amplifier triode designed 
for use primarily in the output stage of an 
audio-frequency amplifier employing trans- 
former coupling. It is capable of delivering 
large undistorted power. The base of the 50 
fits the standard four-contact socket which 
should be installed to hold the tube in a ver- 
tical position with the base down. Physical 
characteristics of the SO are shown in Fig. 
2-29, OUTLINES SECTION. Any conventional type of input coupling may be used provided 
the resistance added to the grid circuit by this device does not exceed 10000 ohms. 



CHARACTERISTICS 

Filament Voltage (A.C. or D.C.) 

Filament Current 

Plate Voltage 350 400 

Grid Voltage* -63 -70 

Cathode Resistor 1400 1275 

Plate Current 45 55 

Plate Resistance 1900 1800 

Amplification Factor 3.8 3.8 

Transconductance 2000 2100 

Load Resistance 4100 3670 

Undistorted Power Output 2.4 3.4 

* Measured from mid-point of a-c operated filament. 



7.5 


Volts 


1.25 


Amperes 


450 max. 


Volts 


-84 


Volts 


1530 


Ohms 


55 


Milliamperes 


1800 


Ohms 


3.8 




2100 


Micromhos 


4350 


Ohms 


4.6 


Watts 



BEAM POWER AMPLIFIER 

The 50L6-GT is a power amplifier 
of the heater-cathode type designed 
for use in the output stage of a-c/d-c 
receivers. Except for its heater rating 
of 50 volts and 0.15 ampere, the 
50L6-GT has electrical and physical 
characteristics identical with those of 
the 25L6-GT. For heater operation 
and cathode connection, refer to Type 25A6, but take into consideration the 
difference in heater rating. 




50L6-GT 



G-7AC 



CT2 




CLASS B TWIN AMPLIFIER 



PT2' 



7B 

AMPLIFIER CHART. 



53 



The 53 is a heater-cathode type of tube 
combining in one bulb two high-mu triodes 
designed for class B operation. It is intended 
primarily for use in the output stage of a-c 
operated receivers. Except for the heater 
rating of 2.5 volts and 2.0 amperes, the elec- 
trical characteristics of the 53 are identical 
with those of the 6N7. Additional data is 
given in the RESISTANCE-COUPLED 

The base of the 53 fits the seven-contact (0.855 inch pin-circle diameter) 
socket which may be installed to hold the tube in any position. Physical characteristics of the 
53 are shown in Fig. 2-25, OUTLINES SECTION. For heater operation and cathode connec- 
tion, refer to Type 2A5. 




DUPLEX-DIODE TRIODE 

The 55 is an a-c heater type of tube con- 
sisting of two diodes and a triode in a single 
bulb. It is recommended for service as a 
combined detector, amplifier, and automatic- 
volume-control tube. Except for its heater 
rating of 2.5 volts and 1.0 ampere, the 55 has 
electrical and physical characteristics identical 
with those of Type 85. For heater operation 
and cathode connection refer to Type 2A5. 



55 
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DETECTOR AMPLIFIER TRIODE 

The 56 it a three-electrode tube of the 
heater-cathode type for use as a detector, 
. amplifier, or oscillator in co-operated re- 

f\A\ ceivera. Except for its heater rating and 

capacitances which are given below, the 56 
has electrical and physical characteristics 
identical with those of the Type 76. Operat- 
ing conditions for the 56 as a resistance- 
coupled amplifier are given in the RESIST- 
ANCE-COUPLED AMPLIFIER CHART. 

Heater Voltage (A.C. or D.C.) 

Heater Current 

Grid-Plate Capacitance (Appro*. ) 

Grid-Cathode Capacitance (Approx.) 

Plate-Cathode Capacitance (Approx.) 

TRIPLE-GRID DETECTOR % -» 

AMPLIFIER X>-> -TO* 

The 57 is a triple-grid tube recommended . _„. 

£••7 especially for service as a biased detector in r \?J ...—/ as) 

3/ «-c receivers. The 57 is constructed with an 

internal shield connected to the cathode 
within the tube. Except for its heater rating , . , — , . . 

and capacitances which are given below, the 57 V_/ \Zs 

hat electrical characteristics identical with H H 

those of Type 6J7. Physical characteristics bf 
of the 57 are shown in Fig. 2-20, OUTLINES 
SECTION. The base of the 57 fits the standard six-contact socket which may be installed to 
hold the tube in any position. For heater operation and cathode connection, refer to Type 2A5. 
For screen voltage and shielding requirements, see Type 6C6. 

Heater Voltage (A.C. or D.C.) 2.5 Volts 

Heater Current 1.0 Ampere 

Pentode Connection: 

Grid-Plate Capacitance (With shield-can) 0.007 max. ixitt 

Input Capacitance 5 rift 

Output Capacitance 6.5 aid 

Triode Connection: 

Grid-Plate Capacitance 2 wtf 

Grid-Cathode Capacitance 3 w< 

Plate-Cathode Capacitance 10.5 iiixl 





TRIPLE-GRID SUPER-CONTROL % ~ 3 

AMPLIFIER ->l>i "K- G| 

The 58 it a triple-grid super-control ampU- ,_.„ , r , 

r- <■» fier tube recommended especially for service p Ui ' A=J * 

*)n >n the radio-frequency and intermediate- 

frequency stages of a-c receivers. The 58 it 

constructed with an internal shield connected / . i / 6 i 

to the cathode within the tube. Except for V-^ 
its heater rating and capacitances which are H H 

given below, the 58 has electrical character- 6F 
lttics identical with those of Type 6U7-G. 
Physical characteristics of the 58 are shown in Fig. 2-20, OUTLINES SECTION. The base of 
the 58 fits the standard six-contact socket which may be installed to hold the tube in any position. 
For heater operation and cathode connection, refer to Type 2A5. For control grid bias variation, 
screen voltage, and suppressor connection, refer to Type 6SK7. Shielding requirements are 
similar to those for Type 6C6. 

Heater Voltage (A.C. or D.C.) 2.5 Voltt 

Heater Current 1.0 Ampere 

Grid-Plate Capacitance (With shield-can) 0.007 max. wif 

Input Capacitance 4.7 <mf 

Output Capacitance 6.3 mil 

TRIPLE-GRID POWER AMPLIFIER 

The 59 is a triple-grid power-amplifier tube (3y_V\s) 
_ _ of the heater-cathode type for use in the out- 

'nvJ put stage of a-c operated receivers. The 

«■'' triple-grid construction of this tube, with p(£A r— l^»)k 

external connections for each grid, makes 

possible its application as (1) a class A power 

amplifier triode, (2) a class A power-output \}j \JJ 

pentode, and (3) a class B 'power output h h 

triode. 7A 
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CHARACTERISTICS 



Heate* Voltage (A.C. or D.C.) . 
Heater Current 



2.5 
2.0 



Voltf 

Amperes 



At Clan Ai Power Amplifier 

Triode Pentode 

Connection' Connection 00 

Plate Voltage 250 max. 250 max. Voltt 

Screen Voltage (Grid No. 2) — 250 max. Volti 

Grid Voltage (Grid No. 1) -28 -18 Voltt 

Cathode Resistor 1080 410 Ohmt 

Plate Current 26 35 MiUiamperet 

Screen Current — 9 Milliamperes 

Amplification Factor 6 — 

Plate Resistance 2300 40000 Ohm 

Transconductance 2600 2500 Micromhoi 

Load Resistance 5000* 6000 Ohmt 

Power Output 1.25 3t Wattt 

As Clan B Power Amplifier — Triode Connection 

Grids No. 1 and No. 2 tied together; grid No. J litd to plait 

Plate Voltage 400 max. Voltt 

Peak Plate Current 200 max. Milliamperea 

Average Plate Dissipation 10 max. Watts 

Average Grid Dissipation (Grids No. 1 and No. 2) 1.5 max. Wattt 

Typical Operation: 

Values art for two tubes 

Plate Voltage 300 400 Voltt 

Grid Voltage 0 0 Voltt 

Zero-Signal Plate Current 20 26 Milliamperea 

Effective Load Resistance (Plate-to-plate) 4600 6000 Ohmt 

Power Output (Approx.) 15 20 Wattt 

* Grids No. 2 and No. 3 tied to plate; grid No. 1 is control grid. 

*° Grid No. 3 tied to cathode; grid No. 1 is control grid; grid No. 2 is screen. 

* Optimum for maximum undistorted power output of 1.25 wattt. Approximately twice 
this value it recommended for load of this type as driver for class B stage. 

t 7% total harmonic distortion. 



INSTALLATION and APPLICATION . 
The base of the 59 fits the seven-contact (0.855-inch pin-circle diameter) socket which may 
be installed to hold the tube in any position. Physical characteristics of the 59 are shown in Fig. 
2-27, OUTLINES SECTION. For heater operation and cathode connection, refer to Type 2A5. 
The d-c resistance in the grid circuit of the 59 operating as a class A amplifier (either with triode 
or pentode connection) should not exceed 0.5 megohm if cathode bias is used. With fixed bias, 
the resistance should not exceed 10000 ohms. 



POWER AMPLIFIER TRIODE 

The 71-A is a power-amplifier tube of low- 
output impedance for use in the output stage 
of audio-frequency amplifiers. The base of 
the 71-A fits the standard four-contact socket 
which should be installed to hold the tube 
in a vertical position. Physical characteristics 
of the 71-A are shown in Fig. 2-25, OUT- 
LINES SECTION. The coated filament 
4D of the 71-A may be operated from a storage 

battery or from the a-c line through a step-down transformer. 



CHARACTERISTICS 









5.0 


Voltt 








0.25 


Ampere 




90 


135 


180 mo 


ix. Voltt 




-16.5 


-27 


-40.5 


Volts 




1600 


1700 


2150 


Ohms 






17.3 


20 


Milliamperea 




2170 


1820 


1750 


Ohms 




3 


3 


3 








1650 


1700 


Micromhos 




3000 


3000 


4800 


Ohms 




0.125 


0.4 


0.79 


Watt 



* For operation on a-c filament supply, increase grid-bias voltage 2.5 voltt. The d-c resist- 
ance in the arid circuit should not exceed 0.5 megohm. 
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DUPLEX-DIODE HIGH-MU JZ* 
TRIODE T^fs^oT 

The 75 is a heater-cathode type ot tube 
—j »- consisting of two diodes and a high-mu triode p tC 2 X ""XT Is) 

/ 3 in a single bulb. It is for use as a combined 

' detector, amplifier, and automatic-volume- 

control tube. For diode-detector considera- , , 

tions, refer to RADIO TUBE APPLICA- Vj 
TIONS section. Except for capacitances H 
which are given below, the electrical charac- 6G 
teristics of the 75 are the same as those of 
Type 6SQ7. Physical characteristics of the 75 are shown in Fig. 2-16, OUTLINES SECTION 
The base of the 75 fits the standard six-contact socket which may be installed to bold the tube 
in any position. Operating conditions for the triode unit as a resistance-coupled amplifier are 
given in the RESISTANCE-COUPLED AMPLIFIER CHART. 

Triode: Grid-Plate Capacitance (Approx.) 1.7 ji/if 

Grid-Cathode Capacitance (Approx.) 1.7 nut 

Plate-Cathode Capacitance (Approx.) 3.8 n»f 



DETECTOR AMPLIFIER TRIODE 

The 76 is a three-electrode tube of the 
heater-cathode type for use as detector, am- 
m plifier, or oscillator. Except for capacitances 

/ Q which are shown below, the electrical char- 

acteristics of the 76 are the same as those of 
Type 6P5-G. The base of the 76 fits the 
standard five-contact socket which may be 
installed to hold the tube in any position. 
Physical characteristics of the 76 are shown 
in Fig. 2-19, OUTLINES SECTION. 

Grid-Plate Capacitance (Approx.) 

Grid-Cathode Capacitance (Approx.) 

Plate-Cathode Capacitance (Approx.) 

TRIPLE-GRID DETECTOR AMPLIFIER 

The 77 is a triple-grid tube recommended 
■ ■ for service as a biased detector in radio re- 

/ / ceivers designed for its characteristics. In 

' such service, this tube is capable of deliver- 

ing a large audio-frequency output voltage 
with relatively small input voltage. Other 
applications of the 77 include its use as a low- 
signal-input screen-grid amplifier tube and 
as an automatic-volume-control tube. The 
base of the 77 fits the standard six-contact socket which may be installed to hold the tube in any 
position. Physical characteristics of the 77 are shown in Fig. 2-16, OUTLINES SECTION. For 
neater operation and cathode connection, refer to Type 6A8. Shielding and screen voltage 
requirements are similar to those for Type 6C6. For detector operation, see Type 6J7. 




•«V CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Grid-Plate Capacitance (With shield-can) 0.007 max. md 

Input Capacitance 4.7 mil 

Output Capacitance 11 »«f 

As Class Aj Amplifier 

Plate Voltage 300 max. Volts 

Screen Voltage (Grid No. 2) 100 max. Volts 

Screen Supply Voltage 300 max. Volts 

Grid Voltage (Grid No. 1) 0 min. Volts 

Plate Dissipation 0.75 max. Watt 

Screen Dissipation 0.1 max. Watt 

Typical Operation: 

Plate Voltage 100 250 Volts 

ScreeD Voltage 60 100 Volts 

Grid Voltage} -1.5 -3 Volts 

Suppressor Connected to cathode at socket 

Plate Current 1.7 2.3 Milliamperes 

Screen Current 0.4 0.5 Milliamperes 

Plate Resistance (Approx.) 0.6 t Megohm 

Transconductance 1100 1200 Micromhos 

Grid Voltage (Approx.) for cathode-current cut-off -5.5 -7.5 Volts 

1 The d-c resistance in the grid circuit should not exceed 1.0 megohm. 

t Greater than 1.0 megohm. 
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AVERAGE PLATE CHARACTERISTICS 
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TYPE 77 
Ef = «,3 VOLTS 
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«* TRIPLE-GRID SUPER-CONTROL 

C3i — AMPLIFIER 

„ r - r !_.«./ The 78 is a triple-grid super-control ampli 

p \ 2 A - ' /I5;k fief tube recommended for service in the ~~J C\ 

radio-frequency and intermediate-frequency / ft 

amplifier stages of radio receivers. The * 
internal shield around the plate of the 78 is 
connected to the cathode within the tube. 
H h Except for capacitances which are shown 

ef below, the electrical characteristics of the 78 

are the same as those for the 6K7. The base 
of the 78 fits the standard six-contact socket which may be installed to hold the tube in any 

Eosition. Physical characteristics of the 78 are shown in Fig. 2-16, OUTLINES SECTION, 
[eater operation and cathode connection are the same as for the Type 6A8. Control-grid bias 
variation, screen-voltage supply, and suppressor connection follow the methods given under 
Type 6SK7. Shielding requirements are similar to those of Type 6C6. 

Grid-Plate Capacitance* 0.007 max. nui 

Input Capacitance* 4.5 i»it 

Output Capacitance* 11 wrf 

* With close-fitting shield connected to cathode. 

gt? k 

^ CT1 CLASS B TWIN AMPLIFIER 

pt fSV ' The 79 is a heater-cathode type of tube 

'2y z X ___r z -i5,)PTi combining in one bulb two high-mu triodes TO 
designed tor class B operation. It is intended / y 

for use in the audio-output stage of radio 
receivers with 6.3-volt heater supply. The 
triode units have separate external terminals 
H for all electrodes except the cathode and 

6H heater so that circuits employing the 79 are 

similar to those of class B amplifiers utilizing 
individual tubes in the output stage. The base of the 79 fits the standard six-contact socket 
which may be installed to operate the tube in any position. Physical characteristics of the 79 
are shown in Fig. 2-16, OUTLINES SECTION. For heater operation and cathode connection, 
refer to Type 6A8, but give consideration to the greater heater current of the 79. 

CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.6 Ampere 

As Class B Power Amplifier 

Plate Voltage 250 max. Volts 

Peak Plate Current per Plate 90 max. Milliamperes 

Average Plate Dissipation 11.5 max. Watts 

Typical Operation: 

Values art for the two units 

Plate Voltage 180 250 Volts 

Grid Voltage 0 0 Volts 
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Zero-Signal Plate Current 7.6 10.6 Milliamperes 

Effective Load Resistance (Plate-to-plate) 7000 14000 Ofams 

Power Output (Approx.)* 5.5 8 Watts 

* With average power input of 380 milliwatt* applied between grids. 




FULL-WAVE HIGH-VACUUM 
RECTIFIER 

X (J The 80 fa a full-wave rectifying tube 

vv of the filament type for use in d-c 

power-supply devices which operate 

from the a-c supply line. Its maximum 

ratings and typical operating condi- 
tions are the same as those for Type 5Y3-G. The base of the 80 fits the standard 
four-pin socket which should be installed to hold the tube preferably in a vertical 
position. Horizontal operation is permissible if pins 1, and 4 are in a horizontal 
plane. Physical characteristics of the 80 are shown in Fig. 2-25, OUTLINES 
SECTION. Filament operation and ventilation are the same as for Type 5T4. 



AC 




HALF- WAVE HIGH-VACUUM P _nc 

RECTIFIER ®s—-<i) 

The 81 is a half-wave rectifier of the fila- 

ment type for use in d-c power-supply devices 
Q I operating from the a-c supply line. Full- 

w wave rectification may be accomplished by 

the use of two 81's. The base of the 81 fits r - 

the standard four-contact socket which 

should be mounted to bold the tube prefer- 

ably in a vertical position. Horizontal opera- 48 

tion is permissible if pins 1 and 4 are in a 
vertical plane. Physical characteristics of the 81 are shown in Fig. 2-29, OUTLINES SECTION . 

CHARACTERISTICS 

Filament Voltage (A.C.) 7.5 Volts 

Filament Current 1.25 Amperes 

As Half-Wave Rectifier 

Peak Inverse Voltage 2000 max. Volts 

Peak Plate Current 500 max. Milliamperes 

Typical Operation With Condenser-Input Filter: 

A-C Plate Voltage (RMS) 700 max. Volta 

D-C Output Current 85 max. Milliamperes 



OPERATION CHARACTERISTICS 

CONDENSER INPUT TO FILTER 



TYPE 81 
-E f =7.S VOLTS A.C.- 

FULL WAVE 

--HALF WAVE 




OPERATION CHARACTERISTICS 
CHOKE INPUT TO FILTER 



TYPE 81 
-Ef = 7.5 VOLTS A.C.- 
FULL WAVE 



? 600 




60 100 140 

O-C LOAD MILLIAMPERES 

42C-4646RI 



60 100 140 ISO 

0-C LOAD MILLIAMPERES 

92C-469SRI 
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4C 



FULL- WAVE MERCURY-VAPOR 
RECTIFIERS 

The 82 and 83 are full-wave mercury-vapor 
rectifiers of the hot-cathode type for use in 
suitable rectifying devices designed to supply 
d-c power of uniform voltage to receivers in 
which the direct-current requirements are 
subject to considerable variation. The ex- 
cellent voltage-regulation characteristic of 
these tubes is due to the low and practically 
constant tube voltage drop for any current 
drain up to the full emission of the filament. 



82 
83 



CHARACTERISTICS 

Type 82 Type 83 

Filament Voltage (A.C.) 2.5 5 Volts 

Filament Current 3 3 Amperes 

As FuH-Wave Rectifiers 

Peak Inverse Voltage 1550 max. 1550 max. Volts 

Peak Plate Current per Plate 345 max. 675 max. Milliamperes 

Condensed-Mercury Temperature Range 24 -60 20 -60 "C 

Typical Operation With Condenser-Input Filter: 

A-C Plate Voltage per Plate (RMS) 450 max. 450 max. Volts 

Total Effective Plate-Supply Impedance per Platet ... 50 min. 50 min. Ohms 

D-C Output Current 115 max. 225 max. Milliamperes 

Typical Operation With Choke-Input Filter: 

A-C Plate Voltage per Plate (RMS) 550 max. 550 max. Volts 

Input-Choke Inductance 6 min. 3 min. Henries 

D-C Output Current 115 max. 225 max. Milliamperes 

Tube Voltage Drop (Approx.) 15 15 Volts 

t When a filter-input condenser larger than 40 iif is used, it may be necessary to use more 
plate-supply impedance than the minimum value shown to limit the peak plate current to the 
rated value. 

INSTALLATION and APPLICATION 

The base of either the 82 or 83 fits the standard four-contact socket which should be mounted 
to hold the tube in a vertical position with the base down. Only a socket making very good 
filament contact and capable or carrying 3 amperes continuously should be used. Poor contact 
at the socket will cause overheating at the pins, lowered filament voltage, and high internal drop 
with consequent injury to the tube. Adequate natural ventilation should be provided for the 82 
and 83, especially if shielding is used. Physical characteristics of the 82 and 83 are shown in 
Figs. 2-25 and 2-27, respectively, in the OUTLINES SECTION. 

The 82 and 83 have very low internal resistance. Therefore, current delivered by either type 
depends on the resistance of the load and the regulation of the power transformer. Sufficient 
protective resistance or reactance must always be used with these types to limit the current to 
the recommended maximum values. If these values are exceeded, the tube voltage drop will 
increase rapidly and the filaments may be damaged permanently. 

The coated Blament is designed to operate from the a-c line through a step-down transformer. 
The voltage at the filament terminals should be the rated value under operating conditions with 
a Hne voltage of 117 volts. The high current taken by the filament and the possibility of damage 
caused by applying plate voltage before the filament is sufficiently heated make it imperative 
that all connections in the filament circuit be of low resistance and of adequate current-carrying 
capacity. 

The plate supply is obtained from a center-tapped high-voltage winding. The resistance 
of the transformer windings should, of course, be low if full advantage of the excellent regulation 
capabilities of these mercury-vapor rectifiers is to be obtained. Since the drop through the 82 
and 83 is practically constant, any reduction in rectified voltage when the load is increased is 
due to the drop in the transformer and/or the filter windings. The return-lead from the plates, 
i.e., the positive bus of the filter and load circuit, should be connected to the center-tap of the 
filament winding. 

Full plate load should not be applied to the 82 or 83 until their filaments have reached normal 
operating temperature. Under normal operating conditions, the filaments heat quickly when 
the set is "turned on" and are ready to supply full-load current before the tubes in the receiver 
require it. 

Shielding of Oris tube, particularly in sensitive receivers, may be necessary to eliminate 
objectionable noise. Refer to Filters in the RADIO TUBE APPLICATIONS section. A fuse 
having a rating approximately 50% in excess of normal load requirements should be inserted in 
the primary of the power transformer to prevent damage in case of excessive current which may 
now under abnormal conditions. It is recommended that the entire equipment be disconnected from 
the a-c power supply ukeneerr the 82 and 83 are removed from or installed in their sockets. 

As half- wave rectifiers, the 82 and 83 may be operated with plates connected in parallel 
Two 82 s or 83's so connected in a full-wave circuit can suppiv twice the output current of a single 
tube. Both plates within the same tube should be connected to the same terminal of the plate 
transformer. To equalize the current distribution between plates, a resistor of not less than 50 
ohms should be connected in series with each plate. 
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84/6Z4 



FULL- WAVE HIGH -VACUUM 
RECTIFIER 

8 3-V ^ ne ' s a ^ u 'l" wa ve rectifier tube 

V,/N ^ T of the heater-cathode type intended 

for use in suitable rectifying devices 
designed to supply d-c power to re- 
ceivers having large direct-current 
requirements. The excellent voltage-regulation characteristic of the 83-v is due 
to the close spacing of the cathode and plate. Maximum ratings and typical oper- 
ating conditions for the 83-v are the same as those for Type 5V4-G. The base of 
the 83-v fits the standard four-contact socket which may be mounted to hold the 
tube in any position. Physical characteristics of the 83-v are shown in Fig. 2-25, 
OUTLINES SECTION. Heater operation and ventilation are the same as for 
the 5V4-G. 

FULL -WAVE HIGH -VACUUM 

RECTIFIER 

The 84/6Z4 is a full-wave rectifier 
of the heater-cathode type intended 
for supplying rectified power to auto- 
mobile-radio equipment designed for 
its characteristics. 

★ CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 

Heater Current 

As Full- Wave Rectifier 

Peak Inverse Voltage 

Peak Plate Current per Plate 

D-C Heater-Cathode Potential 

Typical Operation with Condenser-Input Filtbr: 

A-C Plate Voltage per Plate (RMS) . , 

Total Effective Plate-Supply Impedance per Plate}. 

D-C Output Current 

Typical Operation with Choke-Input Filter: 

A-C Plate Voltage per Plate (RMS) 

Input-Choke Inductance 

D-C Output Current 

t When a filter-input condenser larger than 40 pf is used, it may be necessary to use more 
plate-supply impedance than the minimum value shown to limit the peak plate current to the 
rated value. 

OPERATION CHARACTERISTICS 




6.3 


Volts 


O.S 


Ampere 


1250 max. 


Volts 


180 max. 


Milliamperes 


450 max. 


Volte 


325 max. 


Volts 


125 min. 


Ohms 


60 max. 


Milliamperes 


450 max. 


Volts 


10 min. 


Henries 


60 max. 


Milliamperes 



INSTALLATION and APPLICATION 

The base of the 84/6Z4 fits the standard five- 
contact socket which may be mounted to hold the 
tube in any position. Physical characteristics of 
the 84/6Z4 are shown in Fig. 2-19, OUTLINES 
SECTION. The heater is designed so that the 
normal voltage variation of 6-volt automobile bat- 
teries during charge and discharge will not materially 
affect the performance or serviceability of this tube. 
Under no condition of operation should the normal 
operating heater voltage fluctuate to exceed a 
maximum of 7.5 volts. Adequate ventilation should 
be provided for cooling the tube by the use of 
chassis enclosures designed to radiate heat efficiently. 
Filters are discussed in the RADIO TUBE AP- 
PLICATIONS section. 
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l 1 r l 1 r r — l 

TYPE 84 E f =6.3 VOLTS 

CHOKUUINPUT TO FILTER! 

L=IO HENRIES (MIN.) 
—— -■ CONDENSER IC) INPUT TO FILTER: 
C=4pf; TOT. EFFECT. PLATE -SUPPLY - 
| IMPEDANCE PER PLATE = 
-fe^A f_l 65 OHMS 




D-C LOAD MILLIAMPERES 

92C-M4IR2 
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P °2 PD| 

® ft r DUPLEX-DIODE TRIODE 

f^riv rT\« The 85 is a beater-cathode type of tube 

^ ,r * 5 )* consisting of two diodes and a triode in a 

single bulb for use as a combined detector, 
amplifier and automatic-volume-control tube. 

i j ( 6 \ For diode-detector considerations and for a 

C/ \ZJ discussion of automatic volume control, refer 

to RADIO TUBE APPLICATIONS section. 
6G 

CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 

Heater Current 0 3 

Triode: Grid-Plate Capacitance (Approz.) 1.5 

Grid-Cathode Capacitance (Approz.) 1.5 

Plate-Cathode Capacitance (Approz.) 4.3 

Triode Unit — As Class Ai Amplifier 

Plate Voltage 135 180 250 max. 

Grid Voltage -10.5 -13.5 -20 

Amplification Factor 8.3 8.3 8.3 

Plate Resistance 11000 8500 7500 

Transconductance 750 975 1100 

Plate Current 3.7 6.0 8.0 

Load Resistance 25000 20000 20000 

Power Output 0.075 0.16 0.35 



85 



Volts 
Ampere 

Mil 

Hid 



Volts 
Volts 

Ohms 

Micromhos 

Milliamperes 

Ohms 

Watt 



Diode Units 

The two diode plates are placed around a cathode, the sleeve of which is common to the 
triode unit. Each diode plate has its own base pin. Operation curves for the diode units are (riven 
under Type 6B7. 

INSTALLATION and APPUCATION 

The base of the 85 fits the standard six-contact socket which may be installed to hold the 
tube in any position. Physical characteristics of the 85 are shown in Fie. 2-16, OUTLINES 
SECTION. For heater operation and cathode connection, refer to Type 6A8. Complete shield- 
ins; of detector circuits employing the 85 is generally necessary to prevent r-f or i-f coupling between 
the diode circuits and the circuits of other stages. Diode biasing of the triode unit may be em- 
ployed only when ac least 20000 ohms resistance is used in the plate circuit. Conditions for the 
use of the triode unit as a resistance-coupled amplifier are given in the RESISTANCE-COUPLED 
AMPLIFIER CHART. 




C fe— J) c TRIPLE-GRID POWER AMPLIFIER 

The 89 is a triple-grid power amplifier tube 
(2T ^" ■ - " / XsIk °' tne heater-cathode type recommended for 
use in receivers with 6.3-vcJt heater supply. 
The triple-grid construction of this tube, 
with external connections for each grid, makes 
i ) ( 6 ) possible its application as (1) a class A power- 

amplifier triode, (2) a class A power-output 
pentode, and (3) a class B power-output 
6F triode. 

CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 

Heater Current 0.4 

Class At Power Amplifier — Triode Connection 
Grids No. 2 and No. 3 tied to plate 

Plate Voltage 160 180 250 max. 

Grid Voltage (Grid No. 1) -20 -22.5 -31 

Cathode Resistor 1180 1125 970 

Plate Current 17 20 32 

Amplification Factor 4.7 4.7 4.7 

Plate Resistance 3300 3000 2600 

Transconductance 1425 1550 1800 

Load Resistance* 7000 6500 5500 

Undistorted Power Output 0.3 0.4 0.9 

* Optimum for maximum undistorted power output. Approximately twice the 
given set of conditions is recommended for load of this tube when used as driver for 



89 



Volts 
Ampere 



Volts 
Volts 
Ohms 

Milliamperes 

Ohms 
Micromhos 
Ohms 
Watt 

value for any 
class B stage. 



Plate Voltage 

Screen Voltage (Grid No. 2) 



Class Ai Power Amplifier — Pentode Connection 
Grid No. 3 tied to cathode 



100 
100 



135 
135 
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180 
180 



250 max. 
250 max. 



Volts 
Volts 
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Grid Voltage (Grid No. 1) -10 -13.S -18 -25 Volts 

Cathode Resistor 900 830 785 670 Ohra« 

Plate Current 9.5 14 20 32 Milliamperes 

Screen Current 1.6 2.2 3.0 5.5 Milliampere* 

Plate Resistance 104000 92500 80000 70000 Ohms 

Transconductance 1200 1350 1550 1800 Micromhos 

Load Resistance 10700 9200 8000 6750 Ohms 

Power Output* 0.33 0.75 1.5 3.4 Watts 

*9% total harmonic distortion. 



Class B Power Amplifier — Triode Connection 

Grids No. I and No. 2 tied together; grid No. 3 lied to plate 

Plate Voltage 

Peak Plate Current (Per tube) 

Average Grid Dissipation (Grids No. 1 and No. 2) 

Typical Operation: 

Values are for two tubes 

Plate Voltage 

Grid Voltage 

Peak-A-F Grid-to-Grid Voltage 

Zero-Signal Plate Current 

Effective Load Resistance (Plate-to-plate) 

Total Harmonic Distortion 

Power Output (Approz.) 



250 max. 


Volts 


90 max. 


Milliampere 


0.35 max. 


Watt 


180 


Volts 


0 


Volts 


68 


Volts 


6 


Milliamperes 


9400 


Ohms 


8 


Per cent 


3.5 


Watts 



INSTALLATION AND APPLICATION 

The base of the 89 fits the standard six-contact socket which may be installed to hold the 
tube in any position. Physical characteristics of the 89 are shown in Fig. 2-16, OUTLINES 
SECTION. Sufficient ventilation should be provided to circulate air freely around the tube to 
prevent overheating. For heater operation and cathode connection, refer to Type 6K6-G. 

The d-c resistance in the grid circuit of the 89 operating as a class A amplifier (either with 
triode or pentode connection) may be as high as 1.0 megohm provided the heater voltage does 
not rise more than 10% above rated value under any condition of operation. 




V99 
X99 



DETECTOR AMPLIFIER TRIODES 

The V99 and X99 are general-purpose 
triodes designed for dry-cell operation, and 
used chiefly for renewal in receivers designed 
for them. The two types have different bases. 
Operating conditions as amplifiers: max. plate 
volts of 90, grid bias of -4.5 volte; as grid- 
leak detectors, plate volts of 45, grid leak of 
1 to 5 megohms, grid condenser of 0.00025 pf, 
and grid return to (+) filament; as biased 
detectors, max. plate volts of 90, bias of -10.5 
volts. Filament volts, 3.0-3.3 ; amperes, 0.060- 
0.063. For dimensions of the V99 and X99 
see Figs. 2-10 and 2-12, respectively in the 
OUTLINES SECTION. The V99 and X99 
are discontinued types; they are retained for 
reference only. 




4D 

Type X99 




4E 
Type V99 



112-A 



DETECTOR AMPLIFIER TRIODE 

The 112-A is a general-purpose triode de- 
signed for storage battery operation and 
used principally for renewal purposes. Oper- 
ating conditions as amplifier: max. plate 
volte of 180, grid bias of -13.5 volts, load 
resistance of 10650 ohms, power output of 
0.285 watt; as biased detector, plate volts of 
180, bias of -21 approx. volts. Filament 
volts, 5; amperes, 0 25. For dimensions, see 
Fig. 2-25, OUTLINES SECTION. The 112-A 
is a discontinued type; it is retained for ref- 
erence only. 
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JUMPER p 

OO^WS) VOLTAGE REGULATOR 

The 874 it a voltage-regulator tube de- 
signed to maintain constant d-c output from 0~7 i 
#/ rectifier devices for varying values of d-c O/ A 
load current. This type is used principally for 
renewal purposes. The base of the 874 fits 
k — ~ the standard four-contact socket. Pins 
No. 2 and No. 4 are connected together within 
4S the bate; the connection is used as a link in 
the primary circuit of the power transformer 
to prevent the application of voltage when the 874 is removed from its socket. Physical char- 
acteristics of the 874 are shown in Fig. 2 28, OUTLINES SECTION. Sufficient resistance must 
always be used in series with the 874 to limit the current to SO milliamperes when no load current 
is being drawn from the rectifier. 

CHARACTERISTICS 

Starting Supply Voltage (D.C.) 125 min. Volts 

Operating Voltage (D.C.) 90 Volts 

Operating Current (D.C.) 10 to 50 Milliamperes 

Continuous Current (D.C.) 50 max. Milliamperes 



CURRENT REGULATORS 

The 876 and 886 are, within their ranges of operation, constant- 
current regulating devices. These two types are used principally for 
renewal purposes. The bases of these types fit the standard mogul 
screw socket which may be installed to hold the tubes in any position. 
These tubes operate at a high bulb temperature and must be surrounded 
by a metal ventilating stack The 876 and 886 are discontinued types; 
they are retained for reference only. 



876 
886 



CHARACTERISTICS 

Type 876 

Voltage Range 40 to 60 

Operating Current 1.7 

Ambient Temperature 150 

Maximum Overall Length 8 

Maximum Diameter 2- A 

Base Mogul Screw 



Type 886 
40 to 60 

205 

150 
8 

2-A 
Mogul Screw 



Volts 

Amperes 

•F 

Inches 
Inches 



# TELEVISION AMPLIFIER 
PENTODE 
The 1851 is a pentode of the heater- 
1851 
cathode type for use in television re- 
ceivers. Except for capacitances which 
s K are shown below, the electrical char- 

7R acteristics of the 1851 are identical 

with those of the 6AC7/1852. Physical characteristics of the 1851 are shown in 
Fig. 1-8. OUTLINES SECTION. 

Grid-Plate Capacitance" 0.02 max. ntf 

Input Capacitance" 11.5 «if 

Output Capacitance" 5.2 nu( 

• With shell connected to cathode. 
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LAVA- MICA-TIN- SODIUM CARBONATE - MON E L-SILVEROXI0E 
SODIUM ALUMINUM FLUORIDE • RESIN (SYNTHETIC) • ETHYL ALCOHOL 

MATERIALS USED IN RCA RADIO TUBES 



LEAD ACETATE- MALACHITE GREE N-GLYCERINE-ZINC CHLORIDE - IRON 
MARBLE DUST - WOOD FIBER -STRONTIUM NITRATE * LEAD OXIDE - ZINC OXIDE 
MISCH METAL - NIGROSINE • PORCELAIN -PETROLEUM JELLY - ZINC 



BARI U M CARBO NATE 



CALCIUM CARBONATE 




Qases Used in (Pftanufaame 

NEON - HYDROGEN - CARBON DIOXIDE — ILLUMINATING GAS 
HELIUM - ARGON - NATURAL GAS — NITROGEN — OXYGEN 



Elements Entering into the efttanufacture 



ARGON - ALUMINUM - BORON — BARIUM - CAESIUM — CALCIUM — COPPER — CARBON - CHROMIUM - CHLORINE 

COBALT — HYDROGEN — HELIUM — IRIDIUM — IRON — LEAD — MAGNESIUM — MERCURY .MOLYBDENUM 

NICKEL — NEON — NITROGEN — OXYGEN — POTASSIUM — PHOSPHORUS — PLATINUM — SODIUM — SILVER 
SILICON STRONTIUM TUNGSTEN THORIUM TANTALUM TITANIUM — TIN — ZINC — RARE EARTHS 
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Radio Tube Testing 

The radio tube user — service man, experimenter, and non-technical radio 
listener — is interested in knowing the condition of his tubes, since they govern 
the performance of the device in which they are used. In order to determine the 
condition of a tube, some method of test is necessary. Because the operating 
capabilities and design features of a tube are indicated and described by its electrical 
characteristics, a tube is tested by measuring its characteristics and comparing them 
with representative values established as standard for that type. Tubes which read 
abnormally high with respect to the standard for the type are subject to criticism 
just the same as tubes which are too low. 

Certain practical limitations are placed on the accuracy with which a tube test 
can be correlated with actual tube performance. These limitations make it unnec- 
essary for the service man and dealer to employ complex and costly testing equip- 
ment having laboratory accuracy. Because the accuracy of the tube-testing device 
need be no greater than the accuracy of the correlation between test results and 
receiver performance, and since certain fundamental characteristics are virtually 
fixed by the manufacturing technique of leading tube manufacturers, it is possible 
to employ a relatively simple test in order to determine the serviceability of a tube. 

In view of these factors, dealers and service men will find it economically 
expedient to obtain adequate accuracy and simplicity of operation by employing a 
device which indicates the status of a single characteristic. Whether the tube is 
satisfactory or unsatisfactory is judged from the test result of this single character- 
istic. Consequently, it is very desirable that the characteristic selected for the test 
be one which is truly representative of the tube's overall condition. 



SHORT CIRCUIT TEST 

The fundamental circuit of a short-circuit tester is shown in Fig. 64. While 
this circuit is suitable for tetrodes and types having less than four electrodes, tubes 
of more electrodes may be tested by adding more indicator lamps to the circuit. 
Voltages are applied between the various electrodes with lamps in series with the 
electrode leads. Any two shorted electrodes complete a circuit and light one or 
more lamps. Since two electrodes may be just touching to give a high-resistance 
short, it is desirable that the indicating lamps operate on very low current. It is 
also desirable to maintain the filament or heater of the tube at its operating tem- 
perature during the short-circuit test, because short-circuits in a tube may sometimes 
occur only when the electrodes are heated. 



SELECTION OF A SUITABLE CHARACTERISTIC FOR TEST 

Some characteristics of a tube are far more important in determining its 
operating worth than are others. The cost of building a device to measure any one 
of the more important characteristics may be considerably higher than that of a 
device which measures a less representative characteristic. Consequently, three 
methods of test will be discussed, ranging from relatively simple and inexpensive 
equipment to more elaborate, more accurate, and more costly devices. 

An emission test is perhaps the simplest method of indicating a tube's condi- 
tion. (Refer to DIODES, Page 5, for a discussion of electronic emission.) Since 
emission falls off as the tube wears out, low emission is indicative of the end of tube 
serviceability. However, the emission test is subject to limitations because it tests 
the tube under static conditions and does not take into account the actual operation 
of the tube. On the one hand, coated filaments, or cathodes, often develop active 
spots from which the emission is so great that the relatively small grid area adjacent 
to these spots cannot control the electron stream. Under these conditions, the total 
emission may indicate the tube to be normal although the tube is unsatisfactory. 
On the other hand, coated types of filaments are capable of such large emission that 
the tube will often operate satisfactorily after the emission has fallen far below the 
original value. 
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Fig. 65 8hows the fundamental circuit diagram for an emission test All of the 
electrodes of the tube, except the cathode, are connected to the plate. The filament 
or heater, is operated at rated voltage; after the tube has reached constant tem- 
perature, a low positive voltage is applied to the plate and the electronic emission is 
read on the meter. Readings which are well below the average for a particular 
tube type indicate that the total number of available electrons has been so reduced 
that the tube is no longer able to function properly. 





u tr "" Bcon <' uct » nce teert takes into account a fundamental operating principle 
?i \ V ub ^i ^ Tnis w ^ 8een from the definition of transconductance on page 
11.) It follows that transconductance tests when properly made, permit better 
correlation between test results and actual performance than does a straight 
emission test 

There are two forms of transconductance test which can be utilized in a tube 
tester In the first form (illustrated by Fig. 66 giving a fundamental circuit with 
a tetrode under test), appropriate operating voltages are applied to the electrodes 
of the tube. A plate current depending upon the electrode voltages, will then be 
indicated by the meter. If the bias on the grid is then shifted by the application 
of a different gnd voltage, a new plate-current reading is obtained. The difference 
between the two plate-current readings is indicative of the transconductance of the 
tube. This method of transconductance testing is commonly called the "grid-shift" 
method, and depends on readings under static conditions. The fact that this form 
of test is made under static conditions imposes limitations not encountered in the 
second form of test made under dynamic conditions. 

The dynamic transconductance test illustrated in Fig. 67 gives a fundamental 
circuit with a tetrode under test This method is superior to the static transcon- 
ductance test in that a-c voltage is applied to the gnd. Thus, the tube is tested 



0DmecT- 
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Fig 66 



Fig. 67 



under conditions which approximate actual operating conditions. The alternating 
component of the plate current is read by means of an a-c ammeter of the dynamo- 
meter type. The transconductance of the tube is equal to the a-c plate current 
divided by the input-signal voltage. If a one-volt RMS signal is applied to the 
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grid, the plate-current-meter reading in milliamperes multiplied by one thousand 
is the value of transconductance in micromhos. 

The power output test probably gives the best correlation between test results 
and actual operating performance of a tube. In the case of voltage amplifiers, the 
power output is indicative of the amplification and output voltages obtainable from 
the tube. In the case of power output tubes, the performance of the tube is closely 
checked. Consequently, although more complicated to set up the power output 
test will give closer correlation with actual performance than any other single test. 

Fig. 68 shows the fundamental circuit of a power output test for class A opera- 
tion of tubes. The diagram illustrates the method for a pentode. The a-c output 
voltage developed across the plate-load impedance (L) is indicated by the current 
meter. The current meter is isolated as far as the d-c plate current is concerned 
by the condenser (C). The power output can be calculated from the current 
reading and known load resistance. In this way, it is possible to determine the 
operating condition of the tube quite accurately. 

Fig. 69 shows the fundamental circuit of a power output test for class B opera- 
tion of tubes. With a-c voltage applied to the grid of the tube, the current in the 
plate circuit is read on a d-c mflliammeter. The power output of the tube is approx- 
imately equal to: 




Fig. 68 Fig. 69 



ESSENTIAL TUBE TESTER REQUIREMENTS 

1. It is desirable that the tester provide for a short-circuit test to be made 
prior to measurement of the tube's characteristics. 

2. It is important that some means of controlling the voltages applied to the 
electrodes of the tube be provided. If the tester is a c operated, a line-voltage 
control will permit of supplying proper electrode voltages. 

3. It is essential that the rated voltage applied to the filament or heater be 
maintained accurately. 

4. It is suggested that the characteristics test follow one of the methods 
described. The method selected and the quality of the parts used in the test will 
depend upon the requirements of the user. 

TUBE TESTER LIMITATIONS 

A tube testing device can only indicate the difference between a given tube's 
characteristics and those which are standard for that particular type. Since the 
operating conditions imposed upon a tube of a given type may vary within wide 
limits, it is impossible for a tube testing device to evaluate tubes in terms of per- 
formance capabilities for all applications. The tube tester, therefore, cannot be 
looked upon as a final authority in determining whether or not a tube is always 
satisfactory. Actual operating test in the equipment in which the tube is to be used 
will give the best possible indication of a tube's worth. Nevertheless, the tube 
tester is a most helpful device for indicating the serviceability of a tube. 
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RESISTANCE-COUPLED 

C - Blocking Condenser Oif) 

Cc — Cathode By-Pass Condenser (uf) 

Cd = Screen By-Pass Condenser (jii) 

Ebb - Plate-Supply Voltage (Volts) 

Eo - Voltage Output (Peak Volts) 



AMPLIFIER CHART 



Rc - Cathode Resistor (Ohms) 
Rd — Screen Resistor (Megohms) 
Rg - Grid Resistor (Megohms) 
Rl - Plate Resistor (Megohms) 
V.G. = Voltage Gain 



2A6, 2B7: See 6SQ7 and 6B8, respectively. 

6A6t, 6B6-G, 6B7: See 6N7, 6SQ7, and 6B8, respectively. 

6B8, 6B8-G, 12C8, 6B7, 2B7: 



Ebb» 


90 


180 


300 


Rl 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


Rg» 


0.25 


0.5 


1 


0.25 


0.25 


0.5 


1 


1 


0.25 


0.5 


1 


Rd 


0.5 


1.1 


2.8 


0.5 


1.18 


1.2 


1.5 


2.8 


0 55 


12 


2.9 


Rc 


2200 


3500 


6000 


1200 


1900 


2100 


2200 


3500 


1100 


1600 


2500 


Cd 


0.07 


0.04 


0.04 


0.08 


0.05 


0.06 


0.05 


0.04 


0.O9 


0.06 


0.05 


Cc 


3 


2.1 


1.55 


4.4 


2.7 


3.2 


3 


2 


5 


3.5 


2.3 


C 


0.01 


0.007 


0.003 


0.015 


0.01 


0.007 


0.003 


0.003 


0.015 


0.008 


0.003 


Eo> 


28 


33 


29 


52 


39 


55 


53 


55 


89 


100 


120 


V.G. 4 


33 


55 


85 


41 


55 


69 


83 


115 


47 


79 


150 



6C5, 6C5-G, (6C6, 6J7, 6J7-G, 6J7-GT, 6W7-G, 12J7-GT, 57 as triodes): 



Ebb 1 


90 


180 


300 


Rl 


0.05 


0.1 


0.25 


0.05 


0 1 


0.25 


005 


0.1 


0.25 


Rg' 


0.1 


0.25 


0.5 


0.1 


0.1 


0.25 


05 


0.5 


0.1 


0.25 


0.5 


Rc 


3400 


6400 


14500 


2700 


3900 


5300 


6200 


12300 


2600 


5300 


12300 


Cc 


1.62 


084 


0.4 


2.1 


1.7 


1.25 


1.2 


055 


2.3 


1.3 


0.59 


C 


0.025 


0.01 


0.006 


0.03 


0.035 


0.015 


0.008 


0.008 


0.04 


0.015 


0.008 


Eo 1 


17 


22 


23 


45 


41 


54 


55 


52 


70 


84 


85 


V.G 4 


9 


11 


12 


11 


12 


12 


13 


13 


11 


13 


14 



6C6 : As pentode, see 6J7; as triode. see 6C5 
6C8-G (one triode unit)JJ: 



Ebb' 


90 


180 


300 


Rl 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


Rtf 


0.25 


0.5 


1 


0.25 


0 25 


0.5 


1 


1 


0.2S 


0.5 


1 


Rc 


3700 


7870 


15000 


3080 


5170 


6560 


7550 


12500 


2840 


6100 


11500 


Cc 


1.48 


0 81 


0.43 


1.84 


1.25 


0.95 


0.85 


0.5 


2.01 


0.96 


0.48 


C 


0.0115 


0.0065 


0.0035 


0.012 


0.012 


0.007 


0.0035 


0.004 


0.013 


00065 


0 004 


Eo' 


17 


19 


20 


40 


35 


45 


50 


44 


73 


80 


83 


V.G. 4 


20 


23 


24 


22 


24 


25 


26 


26 


23 


26 


27 



tt The cathodes of the two unita have separate terminals 
For other notes, saa pace 203 
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6F5, 6F5-G, 6F5-GT: See 6SF5. 

6F8-G (one triode unit)**, 6J5, 6J5-G, 6J5-GT, 12J5-GT: 



Ebb' 


90 


180 


300 


Rl 


0.05 


0.1 


0.26 


0.05 


0.1 


0.25 


0.05 


0.1 


025 


Rg' 


0.1 


0.25 


0.5 


01 


0.1 


0.25 


0.5 


0.5 


0.1 


025 


0.5 


Rc 


2070 


3940 


9760 


1490 


2330 


2830 


3230 


7000 


1270 


2440 


5770 


Cc 


266 


1.29 


0.55 


2 86 


2.19 


1.35 


1.15 


0.62 


2.96 


1 42 


0.64 


C 


0.029 


0012 


0.007 


0.032 


0.038 


0.012 


0.006 


0.007 


0.034 


0.0125 


0.0075 


Eo' 


14 


17 


18 


30 


26 


34 


38 


36 


51 


56 


57 


V.G. 4 


12 


13 


13 


13 


14 


14 


14 


14 


14 


14 


14 



6J5, 6J5-G, 6J5-GT : See 6F8-G. 

6J7, 6J7-G, 6J7-GT. 6W7-G, 12J7-GT, 6C6, 57: As triodes, see 6C5: 



Ebb 1 


90 


180 


300 


Rl 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


Rg 2 


0.25 


05 


1 


0.25 


0.25 


0.5 


1 


1 


0 25 


0.5 


1 


Rd 


0.44 


1.18 


2.6 


0.5 


1.1 


1.18 


1.4 


2.9 


0.5 


1 18 


29 


Rc 


1100 


2600 


5500 


750 


1200 


1600 


2000 


3100 


450 


1200 


2200 


Cd 


005 


0.03 


0.05 


0.05 


0.04 


0.04 


0.04 


0.025 


0.07 


0.04 


0 04 


Cc 


5.3 


3.2 


2 


6.7 


5.2 


4.3 


3.8 


2.5 


8 3 


5.4 


4.1 


C 


0.01 


0.005 


0.0025 


001 


0.008 


0.005 


0.0035 


0.0025 


0.01 


0.005 


0.003 


Eo" 


22 


32 


29 


52 


41 


60 


60 


56 


81 


104 


97 


V.G. 4 


55 


85 


120 


69 


93 


118 


140 


165 


82 


140 


350 



6L5-G: 



Ebb« 


90 


180 


300 


Rl 


0.05 


0.1 


025 


0 05 


0.1 


0.25 


005 


0.1 


025 


Rg' 


0.1 


0.25 


0.5 


0.1 


0.1 


0.25 


0.5 


0.5 


0.1 


0.25 


0.5 


Rc 


2500 


4620 


10300 


2240 


3180 


4200 


4790 


9290 


2160 


4140 


9100 


Cc 


1.86 


108 


0.49 


2.2 


1.46 


1.1 


1 


0.54 


2 18 


1.1 


0.46 


C 


0.03 


0.015 


0.0085 


0.03 


0.03 


0.0145 


0.009 


0.009 


0.032 


0014 


0 0075 


Eo' 


18 


22 


22 


41 


36 


46 


50 


46 


68 


79 


80 


V.G. 4 


10 c 


12« 


12 e 


11° 


12« 


12 c 


12 c 


12 c 


12« 


13« 


13 e 



6N7J, 6N7-GI, 6A6, 53: 



Ebb 1 


90 


180 


300 


Rl 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


Re' 


0.25 


0.5 


1 


025 


025 


05 


1 


1 


0.25 


0.5 


1 


Rc* 


2250 


4950 


8500 


1700 


2950 


3800 


4300 


6600 


1500 


3400 


6100 


C 


0.01 


0.006 


0.003 


0.015 


0.015 


0.007 


0.0035 


0.0035 


0.015 


0.0055 


0.003 


Eo» 


19 


20 


23 


46 


40 


50 


57 


54 


83 


87 


94 


V.G. 4 


19 


22 


23 


21 


23 


24 


24 


25 


22 


24 


24 



tt The cathodes of the two units have separate terminals. 
For other notes, see page 203. 
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6P5-G, 76,56: 



Ebb 1 


90 


180 


300 


Rl 


0.25 


0.1 


0.25 


0.05 


0.1 


0.25 


0.05 


0.1 


0.25 


Rg« 


0.1 


0.25 


0.5 


0.1 


0.1 


0.25 


0.5 


0.5 


0.1 


0.25 


0.5 


Rc 


3200 


6500 


15100 


3000 


4500 


6500 


7600 


14700 


3100 


6400 


15200 


Cc 


1.6 


0.82 


0.36 


1.9 


1.45 


0.97 


0.8 


0.45 


22 


1.2 


0.5 


C 


0.03 


0.015 


0.007 


0.035 


0.035 


0.015 


0.008 


0.007 


0045 


0.02 


0 009 


Eo» 


21 


23 


24 


48 


45 


55 


57 


59 


80 


95 


96 


V.G. 4 


7.7 


8.9 


9.7 


8.2 


93 


9.5 


9.8 


10 


8.9 


10 


10 



6Q7, 6Q7-G, 6Q7-GT, 12Q7-GT: 



Ebb' 


90 


180 


300 


Rl 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


0.1 


0.25 


0.6 


Rg» 


0.25 


0.5 


1 


0.25 


0.25 


0.5 


1 


1 


0.25 


0.5 


1 


Rc 


4200 


7600 


12300 


1900 


3400 


4000 


4500 


7100 


1500 


3000 


5500 


Cc 


1.7 


1.2 


0.6 


2.5 


1.6 


1.3 


1.05 


0.76 


3.6 


1.66 


0.9 


C 


0.01 


0.006 


0.003 


0.01 


0.01 


0006 


0.003 


0.003 


0.015 


0.007 


0.004 


Bo' 


8 


11 


13 


26 


25 


31 


37 


36 


52 


52 


60 


V.G. 4 


28 b 


32 


33 


33 


36 


38 


40 


40 


39 


45 


46 



6R7, 6R7-G: 



Ebb 1 


90 


180 


300 


Rl 


0.05 


0.1 


0.25 


0.05 


0.1 


0.25 


0.05 


0.1 


0.25 


Rg« 


0.1 


0.25 


0.5 


0.1 


0.1 


0.25 


0.5 


0.5 


0.1 


0.25 


0.5 


Rc 


2600 


4400 


9800 


2100 


3000 


4100 


4600 


8800 


2000 


3800 


8400 


Cc 


1.7 


0.9 


0.42 


1.9 


1.3 


0.9 


0.8 


0.4 


2 


1.1 


0.5 


C 


0.03 


0.01 


0.007 


003 


0.03 


0.01 


0.006 


0.006 


0.03 


0.015 


0.007 


Eo' 


18 


19 


18 


40 


35 


43 


46 


40 


62 


68 


62 


V.G. 4 


9 


10 


11 


9 


10 


10 


10 


10 


9 


10 


11 



6S7, 6S7-G: 



Ebb 1 


90 


180 


300 


Rl 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


0.1 


0 25 


0.5 


Rs? 


0.25 


0.5 


1 


0.25 


0.25 


0.5 


1 


1 


0.25 


0.5 


1 


Rd 


0.65 


1.6 


35 


0.68 


1.6 


1.8 


1.9 


3.6 


067 


1.95 


3.9 


Rc 


900 


1520 


2800 


540 


850 


890 


950 


1520 


440 


650 


1080 


Cd 


0.061 


0.044 


0.03 


0.07 


0.05 


0.044 


0.046 


0.037 


0.071 


0.057 


0.041 


Cc 


5 


3.23 


1.95 


6.9 


4.6 


4.7 


4.4 


3 


8 


5.8 


3.9 


C 


0.01 


0.0055 


0.0026 


0.01 


0.0071 


0.005 


0.0037 


0.003 


0.01 


0.005 


0.0029 


Eo« 


21 


18 


15 


43 


33 


40 


44 


38 


75 


66 


66 


V.G. 4 


47c 


66 e 


84 c 


66° 


79 c 


104* 


118 e 


134 c 


78° 


122* 


162« 



Foe notes, lee page 203. 
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6SC7+.. 12SC7J: 



Ebb' 


90 


180 


300 


Rl 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


Rt' 


0.25 


0.5 


1 


0.25 


0.25 


0.5 


1 


1 


0.25 


0.5 


1 


Rc» 


1960 


3750 


6300 


1070 


1850 


2150 


2400 


3420 


930 


1680 


2980 


C 


0.012 


0.006 


0.003 


0.012 


0.011 


0 006 


0.003 


0.003 


0.014 


0.006 


0 003 


Eo» 


5.9 


8.6 


10 


24 


21 


28 


32 


32 


50 


55 


62 


V.G. 4 


23 b 


30 


33 


29 


35 


39 


41 


43 


34 


42 


48 



6SF5, 12SF5, 6F5, 6F5-G, 6F5-GT, 12F5-GT: 



Ebb 1 


90 


180 


300 


Rl 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


0.1 


0 25 


0.5 


Rg' 


0.25 


0.5 


1 


025 


0.25 


0.5 


1 


1 


0.25 


0.5 


1 


Rc 


4800 


8800 


13500 


2000 


3500 


4100 


4500 


6900 


1600 


3200 


5400 


Cc 


2.1 


1.18 


0.67 


33 


2.3 


1.8 


1.7 


0.9 


3.7 


2 1 


1.2 


C 


0.01 


0.005 


0.003 


0.015 


0.01 


0006 


0.004 


0.003 


0.01 


0.007 


0.004 


Eo' 


5 


7 


10 


23 


21 


26 


32 


33 


43 


54 


62 


V.G. 4 


34 b 


43 c 


46 


44 


48 


53 


57 


63 


49 


63 


70 



6SJ7, 12SJ7: 



Ebb 1 


90 


180 


300 


Rl 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


R«' 


0.25 


0.5 


1 


0.25 


0.25 


0.5 


1 


1 


025 


0.5 


1 


Rd 


0.29 


0.92 


1.7 


0.31 


0.83 


0.94 


0.94 


2.2 


0 37 


1.10 


2.2 


Rc 


880 


1700 


3800 


800 


1050 


1060 


1100 


2180 


530 


860 


1410 


Cd 


0.085 


0.045 


0.03 


0.09 


0.06 


0.06 


0.07 


0.04 


009 


0.06 


0.05 


Cc 


7.4 


4.5 


2.4 


8 


6.8 


6.6 


6.1 


3.8 


10.9 


7.4 


5.8 


C 


0.016 


0.005 


0.002 


0.015 


0.001 


0.004 


0.003 


0.002 


0.016 


0.004 


0.002 


Eo* 


23 


18 


22 


60 


38 


47 


54 


44 


96 


88 


79 


V.G. 4 


68 


93 


119 


82 


109 


131 


161 


192 


98 


167 


238 



6SQ7, 12SQ7, 2A6, 6B6-G, 75: 



Ebb 1 


90 


180 


300 


Rl 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


Re' 


0.25 


0.5 


1 


0.25 


0.25 


0.5 


1 


1 


0.25 


0.5 


1 


Rc 


6600 


11000 


16600 


2900 


4300 


4800 


5300 


8000 


2200 


3900 


6100 


Cc 


1.7 


1.07 


0.7 


2.9 


2.1 


1.8 


1.5 


1.1 


3.5 


2 


1.3 


C 


0.01 


0.006 


0.003 


0.015 


0015 


0.007 


0.004 


0.004 


0.015 


0.007 


0.004 


Eo' 


5 


7 


10 


22 


21 


28 


33 


33 


41 


51 ' 


62 


V.G 4 


2ob 


40° 


44 


36 


43 


50 


53 


57 


39 


S3 


SO 



For note*, na page 203. 
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6T7-G: 



Ebb 1 


90 


180 


300 


Rl 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


Rg' 


0.25 


0.5 


1 


0.25 


0.25 


0.5 


1 


1 


0.25 


0.5 


1 


Rc 


4750 


8300 


14200 


2830 


4410 


5220 


5920 


9440 


2400 


4580 


8200 


Cc 


1.5 


1 


0.6 


2.25 


1.5 


1.25 


1.11 


0.74 


2.55 


1.35 


0.82 


C 


0.012 


0.0075 


0.0045 


0.0135 


0.012 


0.008 


0.005 


0.0045 


0.0135 


0.0075 


0.0055 


Eo» 


7.8 


10 


12 


29 


27 


34 


39 


39 


58 


69 


77 


V.G.* 


24 b 


30« 


33« 


28 c 


34 c 


36 c 


38 c 


41« 


32« 


40 c 


430 



6W7-G:See6J7and6C5. 
6Z7-Gt: 



Ebb' 


90 


180 


300 


Rl 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


0.1 


0.25 


0.5 


Rg' 


0.25 


0.5 


1 


0.25 


0.25 


0.5 


1 


1 


0.25 


0.5 


1 


Rc» 


1760 


3390 


6050 


1100 


1820 


2110 


2400 


3890 


950 


1680 


3110 


Cc 


202 


1.1 


0.61 


2.6 


1.71 


1.38 


1.1 


0.703 


2.63 


1.46 


072 


C 


0.0115 


0.006 


0.003 


0.0115 


0 012 


0.007 


0.0035 


0.0035 


0.012 


0 006 


0.0035 


Eo' 


11 


15 


18 


28 


28 


34 


41 


38 


52 


59 


70 


VG. 4 


25 


30 


33 


31 


35 


38 


39 


40 


34 


40 


44 



12G8, 12F5-GT, 12J5-GT: See 6B8, 6SF5, and 6F8-G, respectively. 

12J7-GT, 12Q7-GT: See 6J7 and 6C5, and 6Q7, respectively. 

12SC7, 12SP5, 12SJ7, 12SQ7: See 6SC7, 6SF5, 6SJ7, and 6SQ7. respectively. 

53, 55, 56: See 6N7, 85, and 6P5-G, respectively. 

67, 75, 76: See 6J7 and 6C5, 6SQ7, and 6P5-G, respectively. 

79t: 



Ebb 1 


90 


180 


300 


Rl 


0.1 


0.25 


0.5 


0.1 


0.25 


05 


0.1 


0.25 


0.5 


Rg 1 


0.25 


0.5 


1 


0.25 


0.25 


0.5 


1 


1 


0.25 


0.5 


1 


Rc» 


2200 


4250 


6850 


1250 


2050 


2450 


2750 


4100 


1000 


2050 


3600 


C 


0015 


0.006 


0.004 


0.02 


0.02 


0.01 


0.005 


0.0035 


0.01 


0.0055 


0.003 


Eo' 


8.4 


9.7 


12 


27 


26 


34 


40 


39 


57 


66 


75 


V.G. 4 


29 c 


33 


38 


31 


37 


41 


42 


44 


34 


42 


46 



85,55: 



Ebb 1 


90 


180 


300 


Rl 


0.05 


0.1 


0.25 


0.05 


0 1 


0.25 


0.05 


0 1 


0.25 


Rg' 


01 


0.25 


0.5 


0.1 


0.1 


0.25 


0.5 


0.5 


0.1 


0.25 


0.5 


Rc 


4600 


9000 


20500 


4100 


6200 


8700 


10000 


20000 


4100 


8300 


19400 


Cc 


1.1 


0.55 


0.25 


1.6 


0.9 


0.7 


0.57 


0.29 


1.5 


0.54 


0.22 


C 


0.03 


0.015 


0.007 


0.045 


0.04 


0.015 


0.008 


0.008 


0.045 


0.015 


0.006 


Eo' 


19 


22 


23 


44 


37 


47 


50 


48 


74 


82 


84 


V.G.* 


4.9 


5.4 


6.5 


5.2 


5.3 


5.5 


5.5 


5.7 


5.5 


5.7 


5.7 



For notes, aae page 203. 
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Voltage at (date equals Plate-Supply Voltage minus voltage drop in Rl and Rc. For othei 
supply voltages differing by as much as 50% from those listed, the values of resistors, condensers, 
and gain are approximately correct. The value of voltage output, however, for any of these 
other supply voltages equals the listed voltage output multiplied by the new plate-supply 
voltage divided by the plate-supply voltage corresponding to the listed voltage output. 

For following stage (see Circuit Diagrams). * Voltage across Rg at grid-current point. 

Voltage Gain at 5 volts (RMS) output unless index letter indicates otherwise. 
b At 3 volts (RMS) output. c At 4 volts (RMS) output. 

• Values are for phase-inverter service: See NOTES under RESISTANCE-COUPLED PHASE- 
INVERTER diagram. 

t The cathodes of the two units have a common terminal. 



In the discussions which follow, ft is the fre- 
quency at which the high-frequency response begins 
to fall off. fi is the frequency at which the low- 
frequency response drops below a satisfactory value, 
as discussed below. Decoupling filters are not neces- 
sary for two stages or less. The highest permissible 
value of Rg should always be used. A variation of 
10% in values of resistors and condensers has only 
slight effect on performance. 




420~ 
FREQUENCY - 




RESISTANCE-COUPLED TRIODE AMPLIFIER 

Condensers C and Cc have been chosen to give output 
voltages equal to 0.8 Eo for ft of 100 cycles. For any other 
value of fi, multiply values of C and Cc by 100/fi. In the 
case of condenser Cc, the values shown in the table are for an 
amplifier with d-c heater excitation; when a.c. is used, depend- 
ing on the character of the associated circuit, the gain,. and 
the value of fi, it may be necessary to increase the value of 
Cc to minimize hum disturbances. It may also be desirable 
to have a d-c potential difference of approximately 10 volts 
between heater and cathode. 

The voltage output at ft of n like stages equals (0.8 Eo)n. 
For an amplifier of typical construction, the value of ft is 
well above the audio-frequency range for any value of Rl. 




RESISTANCE-COUPLED PENTODE AMPLIFIER 

Condensers C, Cc, and Cd have been chosen to give 
output voltages equal to 0.7 Eo for fi of 100 cycles. 
For any other value of fi multiply values of C, Cc, 
and Cd by 100/fi. In the case of condenser Cc, the 
values shown in the table are for an amplifier with d-c 
heater excitation; when a.c. is used, depending on the 
character of the associated circuits, the gain, and the 
value of fi, it may be necessary to increase the value of 
Cc to minimize hum disturbances. It may also be 
desirable to have a d-c potential difference of approx- 
imately 10 volts between heater and cathode. The volt- 
age output at fi for n like stages equals (0.7 Eo)n. 
For an amplifier of typical construction, approximate 
values of fi for different values of Rl are: 0.1 meg., 
20000 cps; 0.25 meg., 10000 cps; 0.5 meg., 5000 cpa. 



RESISTANCE-COUPLED PHASE INVERTER 

Information given for triode amplifiers, in general, 
applies also to this case. Condensers C have been 
chosen to give output voltages equal to 0.9 Eo for 
fi of 100 cycles. For other values, multiply values of 
C by 100/f i. 

The signal input is supplied to grid of triode unit A. 
Grid of triode unit B obtains its signal from a tap (P) 
on the grid resistor (Rg) in the output circuit of unit 
A. The tap is chosen so as to make the voltage output 
of the unit B equal to that of unit A. Its location is 
determined by the voltage gain values given in the 
chart. For example, if V.G. is 20 (from the chart), 
P is chosen so as to supply 1/20 of the voltage across 
Rg to the grid of unit B 
For phase-inverter service, the cathode resistor may 
be left unby-passed unless a by-pass condenser is necessary to minimize hum; omission of the by- 
■ • i in balancing the output voltages. The value, of Rc is specified on the basis 




that both units are operating simultaneously at the same values of plate load and plate voltage. 
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Circuit Section 

The circuit diagrams given on the following pages have been carefully chosen, 
not necessarily to illustrate commercial practice, but rather to show many different 
uses of radio tubes. All of the circuits are conservatively designed to give reliable 
and satisfactory performance Although relatively few circuits are given, it is 
often practical to use a portion of one circuit in combination with portions of other 
circuits to obtain a design meeting the desired requirements. Tuned-circuit con 
stants are omitted from the receiver diagrams because inductance and condenser 
values are usually subject to the individual requirements of the set builder. In 
addition, suitable, well-made tuned-circuit parts can generally be purchased at 
very reasonable cost. Information on the characteristics and the application 
features of each tube, given under each tube type, will prove of assistance in under- 
standing and utilizing the circuits. 



(U-1) 

SUPERHETERODYNE AUTOMOBILE RECEIVER 




R4A 



Ci Cii Cii C» -0.05 /if paper 

Ct Cr— Ganged tuning con- 
densers, 365 jiiil 

Ca Ci C> C Cii Cn Cii -0.1 
lit paper 

Ci -50 mil 

Ci Cn —0.01 id paper 

Ci —Oscillator padding con- 
denser 

Cu-100 nil 

Cn -10 jd electrolytic, 25 v. 
Cn -0.25 ul paper, 400 v. 



Cn —25 ill electrolytic, 25 v. 
Cn -0.005 nl paper, 600 v. 
F -Ignition-interference filter 
Ri Ri -100000 ohms, 0.5 watt 
Ri -350 ohms, 0.5 watt 
Ri Rii -50000 ohms, 0.5 watt 
Ri Rt -5000 ohms, 0.5 watt 
Ria - 15000 ohms, 0.5 watt 
Ri -30000 ohms, 1 watt 
Ri -50000 ohms, 0.5 watt 
Ri -400 ohms, 0.5 watt 
Rii -75000 ohms, 0.5 watt 



Rn -1000 ohms, 0.5 watt 
Rii -1 megohm, 0.5 watt 
Rn Rn R u -250000 ohms 

0.5 watt 
Rii -2500 ohms, 0.5 watt 
Ri« - 1 megohm volume con- 
trol 

Rii -30000 ohms, 0.5 watt 
Ra -400 ohms, 1 watt 
Ti Ti -I-f transformer 
Ti -Output transformer; pri- 
mary impedance. 7000 ohms 
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(U-2) 



SUPERHETERODYNE RECEIVER FOR A-C OPERATION 

With Single-Tube Inverse-Feedback Power Amplifier 



DIODE DETECTOR, Ave 




[ paper 



> 200 iui: 
Ci Ci Cn -Ganged tuning 

condenser*, 365 mil 
Ct C? Cit Cst Cu Csi —0.05 mi 
paper 

Ci Ct Cu -0.25 uf paper 

Ci Ct Cu Cit Cm —0.1 tti p 

Cu Cm — 100 ixpi 

Cit — Oscillator padding con- 
denser 

Cu Cm -0.01 lit 

Cu Cu —50 uui 

Cii Cu Cn Cu -8 »i( electro- 
lytic, 500 v. 

Cn -10 /if electrolytic 25 v. 

Cu-1 of paper, 400 v. 

Cm -0.5 at paper, 400 v. 

Cm -25 m electrolytic. 25 v. 



Ri Ri Ru -100000 ohms, 0.5 

watt 

Ri Ru -2000 ohms, 0.5 watt 
R« -260 ohms, 0.5 watt 
Ri -3300 ohms, 0.5 watt 
Ri R» Ru -50000 ohms, 0.5 
watt 

Ri R> -20000 ohms, 0.5 watt 
Ru -2 megohms, 0.5 watt 
Ru Ru Ru— 1 megohm, 0.5 
watt 

Ru -200000 ohms, 0.5 watt 
Ru -27000 ohms, 0.5 watt 
Ru — 1 megohm volume con- 
trol with tap at 250000 ohms 
for tone compensation 
R» -900 ohms. 0.5 watt 



Ru -2000 ohms, 0.5 watt 
Ru -90000 ohms, 0.5 watt 
Ru- 10000 ohms, 0.5 watt 
Ru -170 ohms, 2 watts 
Ru -20000 ohms, 5 watts 
Ru -25 ohms, 0.5 watt 
Li -20 henries. 100 ohms, 

120 ma. 
Li -500 ohm speaker field. 

8 watts 
Ti Ti -I-f transformer 
Ti —Input transformer 
Ti -Output transformer; pri 

mary impedance, 2500 ohms 
Ti — Power transformer, 

300-0-300 volts RMS. 

120 ma. d.c. 
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114-3) 



TUNED R-F RECEIVER WITH AVC AND INVERSE FEEDBACK 
POWER AMPLIFIER 

Class AB, 6L6's 



R-F AMPLIFIER 
^ TYPE 6L7 




C-50to200wrf 

Ci Ct Cn Cm -Ganged tuning 
condensers, 365 ttZi 

Ci Ci Ci Ct Cu Cn Cu Ci 
Cm -0.05 »ii paper 

Ct Ci Ci Cu Cu Cit Cu Cn 
Cu Ca Cn —0.1 »if paper 

Cn Cm —100 mil 

Cm -10 «f electrolytic, 25 v. 

Cu —Tone-compensation con- 
denser, 0.01 iil 

Cii-1 (if, 400 v. 

Ch —See note 

Ca -25 pi electrolytic 25 v. 

Cu Cu Cn Cu -8 jif electro- 
lytic, 475 v. 

RiRiRiBi Ru Ru -100000 
ohms, 0.5 watt 



Ri Rr Rit -275 ohms, 0.5 watt 
Ri Ri Ru - 10000 ohms. 1 watt 
Ri Ru Ru -12000 ohms, 0.5 

watt 

Ru Ru - 1 megohm, 0.5 watt 
Rit -50000 ohms, 0.5 watt 
Ru -200000 ohms, 0.5 watt 
Ru -640 ohms, 0.5 watt 
Ra— 1 megohm volume-con- 
trol potentiometer with tap 
at 250000 ohms for tone 
compensation 
Rn —Tone-compensation re- 
sistor: 27000 ohms, 0.5 watt 
Rn -5000 ohms, 1 watt 
Rn Rn —2 megohms, 0.5 watt 
R» Rn -5000 ohms, 0.5 watt 
Rn -200 ohms. 5 watts 



Rn R» -50000 ohms, 1 watt 
Ru -12500 ohms, 10 watts 
Li— 20 henries, 100 ohms, 

200 ma. 
Li— 1500 ohm speaker field, 

7 watts 

Ti — Input transformer for 
class ABi 6L6's with split 
secondary for inverse feed- 
back. Ratio pri. to M 
sec. -1:1 

Ti —Output transformer; 
plate-to-plate load, 
6600 ohms 

Ti —Power transformer, 
425-0-425 v. RMS. 
200 ma. d.c. 



Note: Condensers Cm may be required to suppress parasitica. 
0.00001 to 0.005 iif and should be determined by teat. 



Optimum value ranges from 
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(14-4) 



AC /DC SUPERHETERODYNE RECEIVER 



DIODE DETECTOR, AVC, 
AUDIO AMPLIFIER 
TYPE I2SQ.7 



POWER 
AMPLIFIER 
TYPE 35L6-CT 




TYPE TYPE . TYPE 
I2SK7 35L6-GT 35Z4-GT 



TYPE TYPE 
I2SA7 I2SQ7 



R|2 



RECTIFIER 
TYPE 35Z4-GT 



"T C|7 " Tc " 



PM 
SPEAKER 



Ci-500 mil 

Ct C? — Ganged tuning con- 
densers, 365 uuf 
Ci C« Cu Cu -0.1 uf paper 
C4 -0.25 uf paper 
Ct -SO uuf 

Ct —Oscillator padding con- 
denser 
O -0.05 uf paper 
Cu Cu -250 uuf 
Cit -0.005 uf 
Cu -0.01 uf paper 



Cu -0.025 uf 

Cu Cu-40 uf electrolytic. 
150 v. 

Ri Ri -250000 ohms, 0.5 watt 
Ri -20000 ohms, 0.5 watt 
Ri -260 ohms, 0.5 watt 
R ( —2 megohms, 0.5 watt 
Ri Ri -50000 ohms, 0.5 watt 
Ri -250000 ohm potenti- 
ometer 
Ri —10 megohms, 0.5 watt 
Ru -0.5 megohm, 0.5 watt 



R11 -150 ohms, 1 watt 
Ru -Lamp-cord resistor; 

73 ohms, 3 watts 
Ti Tt -455 kc. i-f transformer 
Ti -Output transformer; pri- 
mary impedance, 2500 ohms 
Li -200 ohm filter choke; in- 
ductance as large as prac- 
tical 

S -S.P.S.T. line switch, mount- 
ed on shaft of Ri 
Fuse — 125 volts, 0.3 ampere 



(14-5) 



R 9< TO 
POWER 
AMPLIFIER 



NON-MOTORBOATING RESISTANCE-COUPLED AMPLIFIER 

Voltage Gain, 9000 

Ci Ci -8 uf electrolytic, 25 v 
Ci Ci -0.06 uf, voltage rating 

as high as voltage supply 
Ci Ci -0.006 uf, voltage rating 

as high as voltage supply 
Ri —Volume-control potenti- 
ometer 
Ri Ri -600 ohms, 0.5 watt 
Rt Ri Ri -500000 ohms, 0.5 
watt 

R< Ri -100000 ohms, 0.5 watt 
Ri -500000 ohm volume-con- 
trol potentiometer, ganged 
with Ri 
F— Decoupling filter 

NOTE: Values of resistance and capacitance shown in this circuit are taken from the chart 
n the Resistance-Coupled Amplifier Section. The values in this chart are chosen to give a sharp 
low-frequency cut-off and, thus, to minimize tendency of multiple stages to motor boat. Three 
or more stages, including power stage, operated from a common B supply may require a decoup- 
ling filter in the plate-supply leads of one or more of the voltage amplifier stages. The constants 
of decoupling filters depend on the design requirements of the amplifier. 
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(U-6) 



MINIATURE-TUBE PORTABLE SUPERHETERODYNE RECEIVER 
Using 45- Volt "B" Supply 



TRNAL 
TE NNA j 

ouno ~| 



TOJTAGRIO 

CONVERTER 
TYPE IR5 



OfOOE DETECTOR AvC. POWER 
AUDIO AMPLIFIER AMPLIFIER 
TYPE IS5 TYPE IS4 



LOOP ANTENNA 




(APPROX.). 



Ci Ci -0.00041 id ganged tun- 
ing condensers 
Ci -5 rnit* 
Ci - SO niit 
Ci —420 nut padder 
Ci Ci Ci -0.1 pf paper 
Ci Cu-0.05 mi paper 
Ci -8 »if electrolytic. 50 v. 



Cn Cn - 100 iiiii 
Cn -0.0025 nl 
Cn -0.0005 nl 
Cu -0.002 ill 
Ri Ri- 100000 ohms: 
Ri -500 ohms; 
Ri— 10 megohms? 
Ri Ru —2 megohms} 



* Ci is necessary only at frequencies higher than 5 Mc. 
t All resistors can be of the 0.5 watt type. 



(U-7) 



Ri -50000 ohmst 
Ri - 1 megohm potentiometer 
Rt — 3 megohms! 
Ri — 1 megohm! 
S - Ganged D.P.S.T. switch 
Ti— Output transformer; pri- 
mary impedance, 8400 ohms 



CLASS B AMPLIFIER FOR PORTABLE USE 

Power Output 10 Watts* 




Ci -5 of electrolytic 25 v. 
Ci -4 pi electrolytic, 25 v. 
Ci -0 025 nl 

C< -25 nt electrolytic. 25 v. 

Ri —500 ohm wire-wound potentiometer 

Ri —500000 ohm potentiometer 

Ri -1300 ohms, 0.5 watt 

Ri -100000 ohms, 0.5 watt 



Ri -50000 ohms, 0.5 watt 
Ri -100000 ohms, 0.5 watt 
Ri -900 ohms, 0.5 watt 
M — Double-button microphone 
S - Microphone and heater switch 
Ti— Microphone input transformer 
Ti -Class B input transformer 
Ti -Class B output transformer 



• Peak signal input voltaic to 6SF5 grid is 0.15 volt, for full power output. 
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(74-8) 



BATTERY-OPERATED SUPERHETERODYNE RECEIVER 

With AVC and Class B Audio Amplifier 



r-f amplifier 
Type ins-c 

.Cl ' 




"A'BATTERY ORAIN = MOUA. 
V BATTERY DRAIN «W MA. 

(APPROO 



1.5V. 90V. av. 



Ci -0.0001 to 0.01 nl 

C> C< Cn —Ganged tuning con- 
densers, 365 mil 

Ci Ci Cu Cit -0.05 nl paper 

C< Ci C. C Cn-0.1 nl paper 

Cu— Oscillator padding con- 
denser 

Cu -50 «ff 

Cu Ci.-lOO unl 

Cu Cu Cu -0.005 nl 

C»-250 w>f 

% Resistors are 0.5 watt sixe. 



C» -0.01 id 

Cu -8 lit electrolytic, 100 v. 
Ri R? -5000 ohms} 
Ri -10000 ohms} 
Ri Ra -100000 ohms} 
Ri -200000 oh mat 
Ri -70000 ohms} 
Ri Ru Ru —2 megohms} 
Ri -50000 ohmst 
Ru -250000 ohm potenti- 
ometer 



Ru— 10 megohmst 
Ru -250000 ohms} 
Rii-1 megohm} 
Ti Ti -I-f transformer, 
455 kc. 

Ti —Class B input transformer 
Ti —Class B output trans- 
former; plate-to-plate im- 
pedance, 12000 ohms 
S -Ganged D.P.S.T. switch 



(14-9) 

TWO-CHANNEL AUDIO MIXER 

Voltage Gain From Each Grid of 6SC7 to Output is Approximately 15 



TYPE SSC7 




Ci -8 nt electrolytic, 25 y. 
Ci -0.005 nl paper, 400 v. 



Ri —2000 ohms, 0.5 watt Ri Ri Ri - 1 megohm, 0.5 watt 

Ri Ri -250000 ohms, 0.5 watt 
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(74-70) 



BATTERY-OPERATED SHORT-WAVE RECEIVER 
1.4- Volt Types 



R-F AMPLIFIER 
TYPE IN5-G 



POWER AMPLIFIER 
TYPE IC5-0 




Ci Ci-100 ititt midget 
Cj C» -35 _uuf midget 
Ci C4 Ci Cii -0.05 (if 
Ci Cu -0.00025 id 
C.-14 
Cm -0.002 (if 

Cu -8 ill electrolytic. 100 v. 



Ri -100000 ohms, 0.5 watt 
Ri -2 to 5 megohms, 0.5 watt 
Ri -0.25 megohm, 0.5 watt 
Ri -0.5 megohm potenti- 
ometer 

Ri Rt -50000 ohm potenti- 
ometer 



R« -600 ohms, 0.5 watt 
Ri -30000 ohms, 0.5 watt 
LiLi —8 mh. r-f choke 
Li -300 to 500 henry a-f choke 
Ti -Output transformer; pri- 
mary impedance, 9000 ohms 
Si -Ganged D.P.S.T. switch 



(74-77) 



A-C OPERATED REGENERATIVE SHORT-WAVE RECEIVER 



A-F AMPLIFIER POWER AMPLIFIER 
TYPE «C5 TYPE «F« 



rr?., f SPEAKER 




Ci Ci -35 fijif midget 
Ci Ci -100 uut midget 
Ci Ci Ci -0.05 (if 
Ci -0.01 »f, 400 v. 
Ct Cu -0.00025 (if mica 
Cu -1 id. 200 v. 
Cu -8 Ml electrolytic, 25 v. 
Cu— 16 (if electrolytic, 25 v. 
Ri -250 ohms, 0.5 watt 
Ri —10000 ohm wire- wound 
potentiometer 



Ri -100000 ohms, 1 watt 
R< -60000 ohms, 1 watt 
Ri —2 to 5 megohms, 0.5 watt 
Ri -250000 ohms, 1 watt 
R7 = 1 megohm, 0.5 watt 
Ri -1000 ohms, 1 watt 
Ri -15000 ohms, 5 watts 
Rn -50000 ohm potentiome- 
ter, regeneration control 
Rn -5000 ohms, 1 watt 
Rit -500000 ohm volume 
control 



R11 -670 ohms, 1 watt 
Si -S.P.S.T. switch 
Li —8 mh. r-f choke 
Li -300 to 500 henry a-f choke 
Ti — Interstage a-f trans- 
former 

Ti -Output transformer; pri- 
mary impedance, 4000 ohms 

X-X -Insert double-circuit 
'phone jack here 
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(14-12) 



CLASS A, AUDIO AMPLIFIER FOR USE ON 11 5- VOLT D-C UNE 
Power Output, 4 Watta* 



BEAM POWER 
AMPLIFIER 
TYPE 50L6-GT 




Ct Ct -0.006 of 

Ci -25 id electrolytic 25 v. 

C. -0.035 id 

Ci -2 id paper. ISO v. 

Ci -2 id electrolytic 150 v. 

Ci -4 id electrolytic, 150 v. 

Ri -500000 ohm volume 

control 
Ri -4000 ohms, 0.5 watt 
Ri Rt -250000 ohmt, 0.5 watt 
Ri -475000 obmi, 0.5 watt 
Ri -16000 ohms, 0.5 watt 
Ri -500000 ohms, 0.5 watt 
Ri -70 ohms, 1 watt 
Ra -4000 ohma, 2 watta 
Ri. -33 ohma, 1.0 watt 
Li -Filter choke, 10 henries at 

125 ma., 60 ohms 
Li -Speaker field, 115 volts 

d.c. 

T —Output transformer, plate- 
to-plate load 3000 ohms 

♦Signal voltage input for full 
power output — 0.25 volt 
peak. 



HIGH-POWER AUDIO-FREQUENCY AMPLIFIER 

Class AB 2 6L6*s, Output 45 Watts 



HIGH-POWER AUDIO-FREQUENCY AMPLIFIER 
CLASS AB2 6L6 S. OUTPUT 55 WATTS 




Ci Ci -25 nt electrolytic 25 v. 
Ct -0.035 nf. 1000 v. 
Ci -14 mi electrolytic, 450 v. 
Ct Ci -8 id electrolytic 450 v. 
Ri —0.5 megohm, 0.5 watt 
Rt -650 ohms, 0.5 watt 
Rt -5000 ohms, 20 watta 



Ri -50000 ohms, 5 watts 
Ri -3500 ohms, 30 watts 
Ri -200 ohms, 5 watts 
Li —5 henries at 220 ma., 

50 ohms or less 
Li -20 henries at 150 ma., 

100 ohm* or lest 



Ti -Input transformer for 

class ABi 6L6's 
Tt - Output transformer, 

plate-to-plato load 3800 

ohms 

Ti Ti -Power transformer* 



•Ti -440-0-440 volts RMS, 175 ma. d.c. *T< -315-0-315 volts RMS. 150 ma. dx. 

NOTE: Peak signal voltage (e) for maximum power output is 18 volts. 
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(14-14) 



A-F VOLTAGE AMPLIFIER WITH SIGNAL MIXER, MASTER MIXER 
AND COMPRESSOR-EXPANDER 



INPUT MIXER 
TYPE 6L7 OR 1612 



OUTPLfT OF OTHER 
fMNPUT MIXERS MASTER MIXER 

TYPE 6L7 OR 1612 -~" 



TYPE 6L7 OR 1612 




14^ 



IRIS* 




COMPRESSOR- 
EXPANDER 




Ci C4 C« Cm Cu Cm Cit Cu 

C11 C11 Cm C11 -0.05 iif 
Ci C» -0.25 nf 
Ci C? Ct Cu —8 jif 
Ci -0.0015 nf 
Cu -0.5 Mf 
C»-4 *f 
Cu -0.1 (if 

Ri -50000 oh mi, 0.5 watt 
Rt Rii-1.2 megohms, 0.5 
watt 

Ri Ru -820000 ohms. 0.5 
watt 



R< Ru -250000 ohm potenti- 
ometer 

Ri Ru -1000 ohms, 0 5 watt 
Ri Rr Ru Rn -30000 ohms, 

0.5 watt 
Ri Ru -150000 ohms, 1 watt 
Rf Rn Eh -300000 ohms, 0.5 

watt 

Ru Rn -50000 ohms, 0.5 watt 
Ru Rii- 100000 ohms, 0.5 
watt 

Rn -150000 ohms, 0.5 watt 
Rm -500 ohms, 0.5 watt 
Ru -40000 ohms, 0.5 watt 



Rn — 1 megohm potentiometer 
Rt? -Bleeder resistor. Tapped 
at 50 to 60 volts to provide 
heater-circuit bias 
Rn -100000 ohms, 0.5 watt 
Rn -5000 ohms, 0.5 watt 
Si — Music-speech switch, 

S.P.S.T. 
Si-Expand-compresa switch, 

D.P.D.T. 
Si —Phonograph switch; close 

when phono is not in use 
Ti —Microphone input trans- 
former 



Note: Potentiometer Ri controls the bias on grid No. 1 of the input mixer stage and thus 
controls the gain of this stage. When the contact is at the cathode end of Ri, gain is at maximum. 
Because the leads to Ri do not carry a-f voltage, R< can be connected to the circuit through a 
long cable for remote control. Potentiometer Ru controls the no-signal gain of the master mixer 
stage. When the circuit is to be used as a volume expander, the contact should be set at the 
ground end of Ru; when it is to be used as a compressor, the contact should be set at the cathode 
end of Ru. The degree of expansion or compression can be controlled by Rn. Maximum expan- 
sion or compression is obtained with the contact at the positive end. Ru and Rn can also be 
connected to the circuit through cables for remote control. 
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(74-75} 



MICROPHONE AND PHONOGRAPH AMPLIFIER 

With Phase Inverter and Vacuum-Tube Mixer* 
Power Output, 10 Watts 




C« -10 jif electrolytic, 25 v. 
Ct -0.1 id paper, 400 v. 
Ci -0.005 ill paper, 600 v. 
Ci Cn —8 »if electrolytic, 
450 v. 

Ct Ct -0.01 *f paper, 600 v. 
Ct -50 nf electrolytic, 100 v. 
& Ct -8 «f electrolytic, 250 v. 
C» -8 jif electrolytic, 475 v. 
Cu -25 *i electrolytic, 25 v. 
Ri— 1 megohm potentiometer 
Ri —0.5 megohm, 0.5. watt 
Ri —20000 ohm potentiometer 



Ri -800 ohm*, 0.5 watt 
Ri— 1.2 megohms, 0.5 watt 
Ri -0.25 megohm, 0.5 watt 
R? -50000 ohms, 0.5 watt 
Ri— 0.5 megohm potenti- 
ometer 
Ri -3000 ohms, 0.5 watt 
Rii Rti -0.1 megohm 
Rit Rii - 0.27 megohm 
Rii -12000 ohms, 0.5 watt 
Ru -780 ohms, 10 watts 
Rii -20000 ohms, 15 watts 
Ti -Power transformer; 
400-0-400 v. RMS, 100 ma. 



Tt -Output transformer; 5000 
ohms plate-to-plate impe- 
dance 

Li -Filter choke; 12 henries, 

120 ohms, 100 ma. 
Li -Speaker field; 1000 ohms, 

10 watts 
Ji— Jack for high-impedance 

crystal microphone input, 

0.023 peak volt 
Jt— Jack for high-impedance 

crystal phono pickup input, 

0.6 peak volt 
X -Shielded lead 



* Voltage gain of microphone channel up to 2A3 grids is better than 2700. 
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(14-16) 



SLIDE-BACK VACUUM-TUBE VOLTMETER 

Ranges 0-25 V. and 0-250 V. 




Ci -4 nt paper, 400 v. 

(low-leakage) 
Ci Ci Ci -0.01 B f mica 
Ci -0.25 «f paper, 200 v. 
C« -8 mi electrolytic, 350 v. 
Ci =30 id electrolytic, 450 v. 
Ri —2 megohms, 0.5 watt 
Ri =200000 ohms, 0.5 watt 
Ri -500000 ohms, 0.5 watt 



Ri -6000 ohms, 5 watts 
Ri —500 ohm wire-wound lin- 
ear potentiometer, 2 watts 
Ri -500 ohms, 1 watt 
Ri -3000 ohm wire-wound lin- 
ear potentiometer, 2 watts 
Ri -22000 ohms, 5 watts 
Ri -25000 ohm wire- wound 
linear potentiometer, 
4 watts 



S -Ganged D.P.D.T. switch 
V -1000-ohms-per-volt volt- 
meter, 0-25 v. and 0-250 v. 
scales 

Tx - Midget power trans- 
former 

Ti - Midget filament tram- 
former 



Note: If the 954 is mounted at the end of a shielded '"goose-neck" probe, Ci can be mounted 
on the main chassis Ri, Ci, and Ci should be mounted close to the 954 socket. For "zero" 
adjustment of the 6E5, short the 954 input terminals, set Ri or Ri so that "V" reads zero volts, 
and adjust Ri until the 6E5 "eye" is just closed. The d-c or a-c voltage to be measured will cause 
the eye to reopen. Then adjust Ri or Ri until the eye is just closed again. "V" will then read 
the d-c or peak a-c value of the input voltage. The V-T voltmeter requires calibration only tor 
very low values of a-c input voltage. 
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d-c 31 
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super-control 14 
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Anode 5 

Anode-Grid 33 

Arc-Back Limit 11 

Automatic Volume Control (AVC) 29 

Beam Power Tube Considerations 8 

Bias: 

battery 37 

cathode 37 

diode 28 

grid-leak 29 

Calculation of: 

amplification factor 10 

cathode (self-bias) resistor 38 

control-grid — plate tranaconductance. . 11 

filament resistor power dissipation 35 

filament (or beater) resistor value ... 35, 36 

harmonic distortion 16, 18 

load resistance 17 

operating conditions from conversion 

curves 19 

peak inverse voltage 11 

plate efficiency 12 

plate resistance 11 

power output 16 

power sensitivity 12 

transconductance 11 

voltage amplification (gain) 13 

Cathode: 

bias 37 

by-passing 38 

connection 36 

current 37 

directly heated 4 

indirectly heated 4 

resistor 37 

types 3 

Characteristics: 

amplification factor 10 

control-grid — plate transconductance. . 11 

conversion transconductance 11 

dynamic 10 

plate resistance 11 

static 10 

Charts and Tables: 

outline drawings chart 215 

resistance-coupled amplifiers 198 

structure of metal tube 2 

tube classification by use and by 
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materials chart 194 

Choke-Input Filter 40 

Circuit Diagram of: 

audio mixer 209, 212, 213 

avc 29 

class Ai amplifier 207, 211 

class ABi amplifier 213 

class ABi amplifier 211 

class B amplifier 208 

davc 29 
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diode detector 27 

duplex-diode triode 27 
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grid-bias detector 28 

grid-leak and condenser detector 28 

full-wave rectifier 25 

half- wave rectifier 25 

high-gain a-f amplifier 207, 213 

high-power a-f amplifier 211 

inverse feedback 20, 22, 24 

microphone and phonograph 

preamplifier 213 

noise filter 41 

oscillator 32 

pentagrid converter 33 

phase Inverter 24 

r-f filter 40, 41 

resistance-coupled amplifier 22, 24 

short-wave regenerative receiver 210 
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204, 205. 207, 208, 209 

tuned r-f receiver 206, 210 

vdtage-doubler rectifier 25, 26 

vacuum-tube voltmeter 214 

volume compressor-expander 212 

volume expander 22 

Condenser-Input Filter 40 

Conversion Curve, Use of 19 

Conversion Transconductance 11 

Corrective Filter 22 

Cross-Modulation 14, 38 

Current: 

cathode 37 

grid 13. 20 

peak plate 11 

plate 5 

Cut-Off 12 

D-C Amplifier 31 

Degeneration (see Inverse Feedback) 

Delayed Automatic Vol. Control (DAVC) 30 

Demodulation 26 

Detection: 

diode 26 

full-wave diode 27 

grid-bias 28 

grid-leak and condenser 28 

Diode: 

biasing 28 

considerations 5 
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load resistor 27 

Driver 15. 19, 20 

Duplex Diode: 

pentode 9 

triode 9, 27 

Dynamic Characteristics 10 
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considerations 3 

secondary 7, 8 

Electron-Ray Tubes 30 
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current 5 
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teat 5 

Feedback: 

inverse 20, 24 

undesired 39 

Filament (also see Heater and Cathode): 

operation 3, 34 

resistor 35 

series operation 35 

shunt resistor 35 

supply voltage 34 
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Filter: 

corrective 22 

radio-frequency 39, 41 

smoothing 40 

Formulas (see Calculation) 

Frequency Conversion 32 

Fuses, use of 37 

Gain 13 

Grid: 

anode 33 

bias 37 

bias detection 28 

considerations 6 

current 13 

leak and condenser detection 28 

resistor 14 

voltage supply 37 

Grid-Plate Capacitance 7 

Grid-Plate Transconductance 11 

Harmonic Distortion 16, 18 

Heater: 

cathode 4 

cathode bias 36 

cathode connection 36 

resistor 35 

series operation 35, 36 

shunt resistor 35 

supply voltage 34 

Hexode Mixer 33 

Impedance, input 14 

Instantaneous Peak Voltage 40 

Interelectrode Capacitances 7 

Intermediate Frequency, production of . . 32 

Inverse-Feedback 20, 21 

Ionization 6 

Load: 

resistance 13, 17 

resistance line 16, 17 

Mercury- Vapor Rectifier: 

considerations of 6 

interference from 40 

Mho 11 

Micromho 11 

Mixer: 

audio 209, 212, 213 
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pentagrid 34 

Modulated Wave 26 

Modulation 26 

Modulation Distortion 14, 38 

Multi-Electrode Tubes 9 

Multi-Unit Tubes 9 

Mutual Conductance 

(see Transconductance) 

Oscillator 31 

Output-Coupling Devices 14 



Parallel Operation 

Parasitic Oscillations . 
Peak Inverse Voltage . 
Peak Plate Current . ■ 



16 

16 

: 11 

11 

Pentagrid Converter 9, 33 

Pentagrid Mixer 23, 34 

Pentode Considerations 7 

Phase Inverter 23 

Plate: 

current 5 

dissipation 12 



Paf 

efficiency 12 

load 13, 17 

resistance 11 

voltage supply 37 

Plate-Cathode Capacitance 7 

Power-Output Calculations 16, 17, 18 

Power Sensitivity 12 

Power Supply 37 

Push-Pull Operation 16 

Radio-Frequency: 

amplifier 12, 14 

filter 39 
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full- wave 5. 24 

half- wave b, 24 

ionic-heated cathode 6 

parallel operation of 24 

voltage-doubler 25 

Remote Cut-Off Tubes 
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Resistance Coupling 14 

Resistance- Coupled Amplifier 21, 23 

Resistor 

cathode (self-biasing) 37 
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filament 35 

filter 39 

grid 14 

plate load 13 
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Saturation Current 
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considerations 7 

dissipation 12 

voltage supply 38 

Secondary Emission 7 
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Self-Bias 37 

Shielding 39 
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Static Characteristics 10 
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automatic 29 

by grid-voltage variation 38 

by screen- voltage variation 39 
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Recently Added Types 




G-6X 



POWER AMPLIFIER PENTODE 

The 1A5-GT/1A5-G is a power amplifier 
pentode of the 1.4- volt filament type for use 
in the output stage of battery-operated 
receivers. The 1A5-GT/1A5-G supersedes 
both the 1A5-G and the 1A5-GT. It has 
electrical characteristics identical to those of 
the 1A5-G. Physical characteristics are 
shown in Fig. 2-8. OUTLINES SECTION. 
The tube may be mounted in any position. 



1A5-GT/ 
1A5-G 




PENTAGRID CONVERTER 

The 1B7-GT is a multi-electrode tube of 
the 1.4- volt filament type designed for use as 
a combined first detector and oscillator in 
superheterodyne receivers. Physical charac- 
teristics are shown in Fig. 2-5, OUTLINES 
SECTION. The tube may be mounted in 
any position. 



G-7Z 



1B7-GT 



CHARACTERISTICS 

Filament Voltage (D.C.) , 1.4 

Filament Current 0.1 

Direct Intbrblectrode Capacitances :* 

Grid No. 4 to Plate 0.34 

Grid No. 4 to Grid No. 2 0.26 

Grid No. 4 to Grid No. 1 0.12 

Grid No. 1 to Grid No. 2 0.9 

Grid No. 1 to All Other Electrodes -R-F Input 7 

Grid No. 2 to AU Other Electrodes Except Grid No. 1 (Oscillator 

Output) 4.2 

Grid No. 1 to All Other Electrodes Except Grid No. 2 (Oscillator 

Input) 4 

Plate To All Other Electrodes (Mixer Output) 7.5 

Typical Operation: 

Plate Voltage 90 

Screen Voltage 45 

Anode-Grid Voltage 90 

Control-Grid Voltage (Grid No. 1) 0 

Oscillator-Grid (Grid No. 1) Resistor 0.2 

Plate Current 1.5 

Screen Current 1 -3 

Anode-Grid Current 1.6 

Oscillator-Grid Current 0.035 

Plate Resistance 0.35 

Conversion Transconductance 350 

Control-Grid Bias for conversion transconductance of 2 micromhos 

(approx.) 14.5 

* With close-fitting shield connected to negative filament terminal. 



Volts 
Ampere 

mtt 

HH\ 

wf 

hh\ 

Hill 

w>f 
iiiii 

Hill 

Volts 

Volts 

Volts 

Volte 

Megohm 

Mifliamperes 

Milliamperes 

Milliamperes 

Milliampere 

Megohm 

Micromhos 

Volte 




POWER AMPLIFIER PENTODE 

The 1C5-GT/1C5-G is a power amplifier 
pentode of the 1.4- volt filament type for use 
in the output stage of battery-operated 
receivers. The 1C5-GT/1C5-G supersedes 
r- both the 1C5-GT and 1C5-G. Electrical 
g 3 characteristics are the same as for the IC5-G. 
Dimensions are shown in Fig. 2-8, OUT- 
LINES SECTION. The tube may be 
mounted in any position. 



1C5-GT/ 
1C5-G 
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1D5-GT 



SUPER-CONTROL R-F AMPLIFIER 
TETRODE 

The 1D5-GT is a super-control r-f amplifier 
tetrode of the 2.0-volt type for uie in battery- 
operated receivers. Physical characteristics 
are shown in Fig. 2-15, OUTLINES SEC- 
TION. Vertical mounting is recommended; 
horizontal operation is permissible if pins 2 
and 7 are in a vertical plane 



CHARACTERISTICS 

Filament Voltage (D.C.) 2.0 

Filament Current 0.06 

Direct Interelectrods Capacitances: 

Grid-Plate (with shield can) 0.01 

Input 4.4 

Output 10.8 




Volts 
Ampere 

MMf 

wif 
»«f 



As Class Ai Amplifier 

Plate Voltage 135 180 Volts 

Screen Voltage 67.5 67.5 Volts 

Grid Voltage -3 -3 Volte 

Plate Current. 2.2 2.2 Milliamperes 

Screen Current 0.7 0.7 Milliamperes 

Plate Resistance (Approx.) 0.35 0.6 Megohm 

Transconductance 625 650 Micromhos 

Transconductance (At -15 volts bias) IS 15 Micromhos 



POWER AMPLIFIER PENTODE 

The 1J5-G is a power amplifier pentode of 
the 2.0-volt filament type for use in battery- 
operated receivers. The filament current is 
0.12 ampere. With 135 volts on both the 
1 I £- f\ plate and screen and -16.5 volts bias, the 

I J *)_ ij characteristics are: plate current, 7 ma.; 

screen current, 2 ma.; transconductance, 950 
micromhos. With a load resistance of 13500 
ohms, the power output is 0.45 watt. Dimen- 
sions are shown in Fig. 2-21, OUTLINES 
SECTION. The tube should be mounted 
vertically; horizontal operation is permissible 
if the plane of the filament is vertical. 




1LA4 



POWER AMPLIFIER PENTODE 

The 1LA4 is a power amplifier pentode of 
the 1.4-volt filament type for use ih the out- 
put stage of battery-operated receivers. It 
is of the locking-base type and can be mounted 
in any position. It is identical to the 1A5-G 
except for physical characteristics. Dimen- 
sions are shown in Fig. 2-4, OUTLINES 
SECTION. 




5 AD I 



1LA6 



PENTAGRID CONVERTER 

The 1LA6 is a multi-electrode tube of the 
1.4-volt filament type. It is intended for use 
as a combined mixer and oscillator in battery- 
operated receivers. It is of the locking-base 
type and can be mounted in any position. 
Dimensions are shown in Fig. 2-4, OUT- 
LINES SECTION. Installation and ap- 
plication are the same as for the IA7-GT. 




7AK 
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★CHARACTERISTICS 

Filament Voltage (D.C.) 1.4 Volt* 

Filament Current , 0.05 Ampere 

Direct Interelectrode Capacitances:* 

Gid No. 4 to Plate 0.4 niii 

Grid No. 4 to grid No, 2 0.3 iui( 

Grid No. 4 to Grid No. 1 0.15 «if 

Grid No. 1 to Grid No. 2 0.6 wif 

Grid No. 4 to All Other Electrodes (R-F Input) 7.7 wif 

Grid No. 2 to All Other Electrodes Except Grid No. 1 (Osc. Output) 3.3 wd 

Grid No. 1 to All Other Electrodes Except Grid No. 2 (Osc. Input) 2.9 ppf 

Plate to All Other Electrodes (Mixer Output) 8 «if 

* With close-fitting shield connected to negative filament. 

Converter Service 

Maximum ratings and typical operation for the 1LA6 are the same as for the 1A7-GT except 
that the plate resistance is 0.75 megohm, conversion transconductance for control-grid bias of 
-3 volts is 10 micromhos, and the series screen-voltage resistor is 45000 to 75000 ohms. 



INTERNAL 
CONNECTION 
00 NOT USE 




5AD 2 



POWER AMPLIFIER PENTODE 

The 1LB4 is a power amplifier pentode of 
the 1.4- volt filament type for use in the out- 
put stage of battery-operated receivers. It 
is of the locking-base type and it can be 
nc mounted in any position. Physical charac- 
teristics are shown in Fig. 2-4. OUTLINES 
SECTION. For electrical characteristics, 
refer to the data for the pentode section of 
the 1D8-GT. 



1LB4 




5 AG 



DIODE HIGH-MU TRIODE 

The 1LH4 is a multielectrode tube of the 
1.4-volt filament type for use in battery- 
operated receivers. It contains a single diode 
and a high-mu triode, and is for use as a 
combined detector and amplifier. It is of 
the locking-base type and can be mounted 
in any position. Dimensions are shown in 
Fig. 2-4, OUTLINES SECTION. Except 
for capacitances, the electrical character- 
istics are the same as for the 1H5-GT. 



1LH4 




R-F AMPLIFIER PENTODE 

The 1LN5 is an r-f amplifier pentode of 
the 1.4-volt filament type for use in battery- 
operated receivers. It is of the locking-base 
type and may be mounted in any position. 
Physical characteristics are shown in Fig. 
2-4. OUTLINES SECTION. Installation 
and application are similar to that of the 
1N5-GT7 



1LN5 



★CHARACTERISTICS 

Filament Voltage (D.C.) 

Filament Current 

Grid Plate Capacitance} 

Input Capacitance} 

Output Capacitance! 

5 With close-fitting shield connected to negative filament terminal. 

At Class Ai Amplifier 

Plate Voltage 

Screen Voltage 

Typical Operation: 

Plate Voltage 

Screen Voltage 

Grid Voltage** 

Plate Current 

Screen Current 

Plate Resistance (Approx.) 

Transconductance 

Transconductance with -4.5 volt bias (Approx.) 

** Circuit returns to negative filament terminal. 
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1.4 
0.05 
0.007 max. 
3.4 
8 



Volts 

Ampere 

ltd 

MM' 

M»f 



110 max. 


Volts 


110 max. 


Volts 


90 


Volts 


90 


Volts 


0 


Volts 


1.6 


Milliamperes 


0.35 


Milliampere 


1.1 


Megohms 


800 


Micromhos 


10 


Micromhos 
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1N6-G 



DIODE-POWER AMPLIFIER 
PENTODE 

The 1N6-G is a multi-electrode tube of the 
1.4- volt filament type containing a diode and 
a power amplifier pentode in one envelope. 
Dimensions are shown in Fig. 2-13, OUT- 
LINES SECTION. The tube may be 
mounted in any position. 




G-7AM 



★CHARACTERISTICS 

Filament Voltage (D.C.) 1.4 Volts 

Filament Current 0.05 Ampere 

Pentode Unit — A* Class Ax Amplifier 

Plate Voltage 110 max. Volts 

Screen Voltage 110 max. Volts 

Total Cathode Current for Zero Signal 6 Milliamperes 

Typical Operation, and Characteristics: 

Plate Voltage 90 Volte 

Screen Voltage 90 Volts 

Grid Voltage -4.5 Volte 

Peak A-F Grid Voltage 4.9 Volte 

Zero-Signal Plate Current 3.4 Milliamperes 

Max. -Signal Plate Current 3.4 Milliamperes 

Zero-Signal Screen Current 0.7 Milliamperes 

Max. -Signal Screen Current 1.2 Milliamperes 

Plate Resistance (Approx.) 0.3 Megohm 

Transconductance 800 Micromhos 

Load Resistance 25000 Ohms 

Total Harmonic Distortion 7 Per cent 

Max.-Signal Power Output 0.1 Watt 



Diode Unit 

The diode unit is independent of the pentode unit except for the common filament, 
diode is located at the negative end of the filament. 



The 



1P5-GT 



R-F AMPLIFIER PENTODE 

The 1P5-GT is a pentode of the 1.4-volt 
filament type for use inbattery-operated receiv- 
ers as an r-f or i-f amplifier. Installation and ap- 
plication are the same as for the 1N5-GT- 
Physical characteristics of the 1P5-GT are 
shown in Fig. 2-6. OUTLINES SECTION. 
The 1P5-GT may be mounted in any position. 




GT-5Y 



★CHARACTERISTICS 

Filament Voltage (D.C.) 1.4 Volts 

Filament Current 0.05 Ampere 

Grid-Plate Capacitance* 0.007 max. nnf 

Input Capacitance* 2.2 tint 

Output Capacitance* 10 uui 

* With close-fitting shield connected to negative filament terminal. 



At Class Ai Amplifier 

Plate Voltage 110 max. Volts 

Screen Voltage 110 max. Volts 

Typical Operation: 

Plate Voltage 90 Volts 

Screen Voltage 90 Volte 

Grid Voltage 0 Volte 

Plate Current 2.3 Milliamperes 

Screen Current 0.7 Milliampere 

Plate Resistance (Approx.) 0.8 Megohm 

Transconductance 750 Micromhos 

Transconductance with -12 volts bias 10 Micromhos 
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BEAM POWER AMPLIFIER 

The 1Q5-GT/1Q5-G is a power amplifier of 
the beam type having a 1.4-volt filament. 
The 1Q5-GT/1Q5-G supersedes both the 
1Q5-GT and the 1QS-G. It has electrical 
and physical characteristics identical with 
those of the 1Q5-GT. 



GAS-TRIODE 

The 2A4-G is a grid-controlled, gaseous- 
discharge tube of the filament type. It is 
intended for use in relay-control equipment 
designed for its characteristics. Physical 
characteristics of the 2A4-G are shown in 
Fig. 2-17, OUTLINES SECTION. The 
2A4-G may be mounted in any position. 



G-5S 7 



CHARACTERISTICS* 



Filament Voltage (A.C. or D.C.) 

Filament Current 

Peak Inverse Anode Voltage 

Peak Forward Anode Voltage 

Peak Voltage BetVeen Any Two Electrodes 

Peak Anode Current 

Average Anode Current (Averaged over any period of 45 seconds) 
Anode Drop : 



1Q5-GT/ 
1Q5-G 



2A4-G 



2.S Volts 
2.5 Amperes 
200 max. Volts 
200 max. Volts 
250 max. Volts 
1.25 max. Amperes 
0.10 max. Ampere 
15 Volts 



* Filament voltage should be applied for 2 seconds before current is drawn from the anode. 




ELECTRON-RAY TUBE 
(Indicator Type) 

The 2E5 is a heater-cathode type of tube 
designed to indicate visually, by means of 
a fluorescent target, the effects of a control- 
ling voltage. As such, it is useful as a con- 
venient means of indicating accurate tuning 
of a radio receiver. Except for the heater 
rating of 2.5 volts and 0.8 ampere, the 2E5 
has the same characteristics as the 6E5. 
Dimensions are shown in Fig. 2-19, OUT- 
LINES SECTION. 



2E5 



C2P 0^0 CT DIODE-TRIODE- 
Pp 0^v© T R " F AMPLIFIER PENTODE 

Zmf : 3-^J ) The 3A8-GT is a filament type of tube Q A Q f^T 

("iv^/VLAto-TfT") containing a diode, a voltage amplifier triode, Oa\0~x7 I 

r\_/\ ~y ^/Kjr- and an r-f amplifier pentode. Each unit is 

ru ?rwv\ independent of the others except for the 

° 3 pvJ VfJ~ common filament. The filament is designed 

'»S"ld l key d to be operated from either a single dry cell 

... (parallel arrangement) or two dry cells in 

° a series (series arrangement). 

★CHARACTERISTICS 

Filament Voltage (D.C.) 1.4 (parallel) 2.8 (series) Volte 

Filament Current 0.1 (parallel) 0.05 (series) Ampere 

Direct Interelectrodb Capacitances: 9 

Triode Unit — Grid to Plate (approx.) 2.0 putt 

Grid to Filament (approx.) 2.6 wif 

Plate to Filament (approx.) 4.2 ppf 

Pentode Unit — Grid to Plate 0.012 max. nil 

Input 3.0 wif 

Output 10 wif 

* With close-fitting shield connected to negative filament terminal 



-223 



RCA RECEIVING TUBE MANUAL 



Maximum Overall Length *. 3 A* 

Maximum Seated Height 2yi" 

Maximum Diameter 1 A* 

Bulb T-9 

Cap Skirted Miniature 

Base . Intermediate Shell Octal 8-Pin 

Mounting Position Any 

Triode Unit at Class A t Amplifier 

Plate Voltage 110 max. Volts 

Typical Operation: 

Plate Voltage 90 Volta 

Grid Voltage* 0 Volts 

Amplification Factor 65 

Plate Resistance (Approx.) v 0.2 Megohm 

Transconductance 325 Micromhos 

Plate Current 0.2 Milliampere 

Pentode Unit as Class Ai Amplifier 

Plate Voltage 110 mo*. Volts 

Screen Voltage 110 max. Volts 

Typical Operation: 

Plate Voltage 90 Volts 

Screen Voltage 90 Volts 

Grid Voltage* 0 Volts 

Plate Resistance (Approx.) 0.8 Megohm 

Transconductance 750 Micromhos 

Plate Current 1.5 Milliamperes 

Screen Current 0.5 Milliampere 



Diode Unit 

The diode unit is located at the negative end of the filament and is independent of the triode 
and pentode except for the common filament. 

* Grid voltage for the parallel-filament arrangement is referred for both triode and pentode 
to pins 2 and 7 connected together; for the aeries-filament arrangement, grid voltage for the triode 
is referred to pin 7 and for the pentode to pin 1. 



3Q4 



POWER AMPLIFIER PENTODE 

The 3Q4 is a miniature type of power 
amplifier pentode which is suitable for use 
with 90 volts on both the plate and screen, 
and thus provides relatively high power 
output. The 3Q4 has a center-tapped fila- 
ment so that the tube may be used with a 
1.4- volt battery supply or in series with other 
miniature tubes having 0.05-ampere fila- 
ments. Physical characteristics are shown 
in Fig. 2-2, OUTLINES SECTION. The 
tube may be mounted in any position. 




7BA 



★CHARACTERISTICS 

Series Filament 
Arrangement 

Filament Voltage (D.C.) 2.8 

Filament Current 0.05 

As Class Ai Amplifier 

Plate Voltage 90 max. 

Screen Voltage 90 max. 

Total Cathode Current 6 max. 

Typical Operation and Characteristics: 

Plate Voltage 90 

Screen Voltage 90 

Grid Voltage -4.5 

Peak A-F Grid Voltage 4.5 

Zero-Signal Plate Current 7.7 

Zero-Signal Screen Current 1.7 

Plate Resistance (Approx.) 0.12 

Transconductance 2000 

Load Resistance 10000 

Total Harmonic Distortion 7 

Max.-Signal Power Output 0.24 

— 224 — 



Parallel Filament 
Arrangement 
1.4 
0.1 



90 max. 
90 max. 
12 max. 



85 
85 
-5 
5 
6.9 
1.5 
0.12 
1975 
10000 
10 
0.25 



90 
90 

-4.5 
4.5 
9.5 
2.1 
0.1 

2150 
10000 
7 

0.27 



Volts 
Ampere 



Volte 
Volts 

Milliamperes 

Volte 
Volte 
Volte 
Volts 

Milliamperes 

Milliamperes 

Megohm 

Micromhos 

Ohms 

Per cent 

Watt 
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7BA 



POWER AMPLIFIER PENTODE 

The 3S4 is a miniature type of power 
amplifier pentode designed for use in the out- 
put stage of compact, light-weight portable 
equipment. Construction is like that of the 
1R5. The 3S4 has characteristics similar to 
those of the 1S4, but it has a filament which 
permits operation with either series connec- 
tion on 2.& volts or parallel connection on 
1.4 volts. Dimensions are shown in Fig. 2-2, 
OUTLINES SECTION. The 3S4 may be 
mounted in any position. 



3S4 



CHARACTERISTICS 

Series Filament Parallel 
Arrangement Arrangement 

i^c^^-:::::::::::::::::::::::: «M hi. V A. 

As Clou Ai Amplifier 

u, .™ Vn.TArit Sl'Amax. 67.5 max. Volts 

S^«» Vrai?oi 67.5 ««. 67.5 «». Volts 

T^al Ca?hode Current for MaximW. Signal 9.5 max. 11 max M.lhampere. 

Total Cathode Current for Zero Signal ........ ■ • • ... 7.5 max. 9 max. Muliamperes 

Typical Operation and Characteristics— Class Ai Amplifier: 

Sf^JvlSf™ 67.5 67.5 Volte 

Screen Voltage 7 7 Volts 

Grid Voltage* 1 U ySS 

PeakA-F5ridy<toge \ ,7, Smperes 

Zero-Signal Plate Current " '•_ Milliamneres 

Zero-Signal Screen Current 1-2 J-5 ^ltamperes 

Plate ResUtence (Approx.) OJ oa ^^>» 

ZSygSSSr.;::: .;: :: :: :: :: :: :: :: :: :: 5000 5000 ohms 
Knafp^a? :::: :: :::: :: :: :: :: :: :: oM oi 8 0 

» For series filament arrangement, filament voltage is applied between pins 1 and 7; grid 
voltage to retoed Tpin .1. FoTparallel filament arrangement, filament voltage is applied between 
PtaiTand^ns 1 and7 connectedtogether; grid voltage is referred to pin 5. 




G-5T 



FULL-WAVE HIGH-VACUUM 
RECTIFIER 

The 5W4-G and 5W4-GT are full-wave 
high-vacuum rectifiers for use in a-c receivers 
having low current requirements. Electrical 
ratings are the same as those for the 5W4. 
Dimensions of the 5W4-G are shown in Fig. 
2-21, OUTLINES SECTION; those of the 
5W4-GT are: maximum overall length, 3H 
in., maximum seated height, 2H in., max- 
imum diameter, 1 A in., bulb, T-9, base, 
intermediate shell octal 5-pin. Horizontal 
operation of both types is permissible if pins 
2 and 7 are in a horizontal plane 



5W4-G 



5W4-GT 




POWER AMPLIFIER TRIODE 

The 6A3 is a three-electrode type of power 
amplifier tube designed for use in the power- 
output stage of radio receivers designed for Z. A O 
its characteristics. The filament is rated at 0/\0 
6.3 volte and 1.0 ampere. In single-tube 
class Ai service, the characteristics and 
operating conditions are the same as for the 
2A3 except that the power output , is 3.2 
watts. In push-pull class ABi service, the 
4D 6A3 may be operated with either fixed or 
cathode bias with a maximum plate voltage 
of 325 volte. With cathode resistor of 850 ohms: plate-to-plate load resistance, 50CW ohms; zero- 
Sgnal plate current 80 mUliamperes; power output, 10 watte. With fixed ^bias of -68 volte; plate- 
to-plateload resistance, 3000 ohms; zero-signal plate current, 80 muliamperes; power output, 

15 "physical characteristics are the same as for the 2A3. If it is necessary to mount the 6A3 in 
a horizontal position, the plane of the filament should be vertical. 
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6A7-S 



PENTAGRID CONVERTER 

The 6A7-S is a pentagrid converter for use 
as a replacement in equipment designed for 
its characteristics. In general, the electrical 
characteristics of the 6A7-S are similar to 
those of the 6A7; however, the two types are 
not usually interchangeable. 




6AB6-G 



DIRECT-COUPLED POWER 
AMPLIFIER 

The 6AB6-G is a multi-electrode tube of 
the heater-cathode type consisting of two 
triodes in one bulb. It is used principally 
for replacement in receivers designed for its 
characteristics. One triode, the driver, is 
directly connected to the second, or output, 
triode. Physical characteristics are: maxi- 
mum overall length, 4H in.; maximum 
seated height, 3_H in.; maximum diameter, 
1 A in.; bulb, ST-12; base, small shell octal 
7-pin. The tube may be mounted in any 
position. 



CHARACTERISTICS 



Heater Voltage (A.C. or D.C.) . 
Heater Current 



As Clati Ai Amplifier 



Output-Triode Plats (Pti) Voltage 
Input-Triode Plate (Pti) voltage. .. 

Input-Triode Grid Voltage 

Peak A-F Grid Voltage 

Output-Triode Plate Current 

Input-Triode Plate Current 

Plate Resistance (Approx.) 

Transconductancb (GTi to PTl) 

Load Resistance 

Haruonic Distortion 

Power Output 




6AC5-GT/ 
6AC5-G 



HIGH-MU 
POWER AMPLIFIER TRIODE 

The 6AC5-GT/6AC5-G is a high-mu triode 
designed for use either in single-ended or 

gush-pull audio-frequency amplifiers. The 
AC5-GT/6AC5-G supersedes both the 6AC5- 
G and the 6AC5-GT. It has electrical char- 
acteristics identical to those of the 6AC5-G. 
Dimensions are shown in Fig. 2-8, OUT- 
LINES SECTION. The 6AC5-GT/6AC5-G 
may be mounted in any position. 



6.3 


Volts 


0.5 


Ampere 


250 max. 


Volts 


250 max. 


Volts 


0 


Volts 


25 


Volts 


34 


Milliamperes 


5 


Milliamperes 


40000 


Ohms 


1800 


Micromhoe 


8000 


Ohms 


10 


Per cent 


3.5 


Watts 

Mi 




G 




6AD6-G 



ELECTRON-RAY TUBE 

The 6AD6-G is a heater-cathode type of 
tube designed to respond visually, by means 
of two shadows on a fluorescent target, to 
changes in voltages applied to the control 
electrodes. This tube is intended for use as 
a voltage indicator to indicate accurate 
tuning of a receiver to the desired station. 
The application of the 6AD6-G is similar to 
that discussed under the 6AF6-G. 




7A6 
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CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volte 

Heater Current 0.15 Ampere 

Maximum Overall Length ZH' 

Maximum Seated Height , 2 A* 

Maximum Diameter lft* 

Bulb T-9 

Base Small Wafer Octal 7-Pin, Sleev 

Mounting Position Any 

As Tuning Indicator 

Target Voltage 150 max. Volte 

Tvpical Operation: 

Target Voltage 100 150 Volte 

Target Current* 1.5 3 Milliamperes 

Target Current** 1.0 2 Milliamperes 

Target Current*** 0.8 1.2 Milliamperet 

Ray-Control Electrode Voltage (Approx.)* 45 75 Volte 

Ray-Control Electrode Voltage (Approx.)** 0 8 Volte 

Ray-Control Electrode Voltage (Approx.)***. -23 -50 Volte 

* For shadow angle of 0° produced by either ray-control electrode. 

** For shadow angle of 90° produced by either ray-control electrode. 

*** For shadow angle of 135° produced by either ray-control electrode. 




8AY 



TRIODE-POWER AMPLIFIER 
PENTODE 

The 6AD7-G contains a voltage amplifier 
triode, and a power amplifier pentode similar 
to the 6F6-G. It is of the heater-cathode 
type. The 6AD7-G is especially useful in 
combination with a separate 6F6-G in a push- 
pull amplifier; in this service, the triode unit 
serves as the phase inverter. Curves shown 
under the 6F6-G apply to the pentode unit 
of the 6AD7-G. Physical characteristics are 
shown in Fig. 2-21, OUTLINES SECTION. 
The tube may be mounted in any position. 



6AD7-G 



★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volte 

Heater Current 0.85 Ampere 

Triode Unit 

Plate Voltage 285 «<m. Volte 

Plate Dissipation 1.0 ma*. Watte 

Characteristics — Class Ai Amplifier 

Plate Voltage 250 Volte 

Grid Voltage -25 Volte 

Amplification Factor 6 

Plate Resis tan ce (Approx.) 19000 Ohms 

Transconductance 325 Mkromhos 

Plate Current 4 Milliamperes 

Pentode Unit 

Plate Voltage 375 max. Volte 

Screen Voltage 285 max. Volts 

Plate Dissipation 8.5 max. Watts 

Screen Dissipation * 2.7 max. Watte 

Typical Operation and Characteristics — Class Ai Amplifier: 

Plate Voltage 250 Volte 

Screen Voltage 250 Volts 

Grid Voltage -16.5 Volte 

Peak A-F Grid Voltage 16.5 Volte 

Zero-Signal Plate Current 34 Milliamperes 

Max.-Signal Plate Current 36 Milliamperes 

Zero-Signal Screen Current 6.5 Milliamperes 

Max.-Signal Screen Current 10.5 Milliamperes 

Plate Resistance (Approx.) 80000 Ohms 

Transconductance 2500 Micromhos 

Load Resistance 7000 Ohms 

Total Harmonic Distortion 8 Per cent 

Max-Signal Power Output 32 Watts 
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As Push-Pull Amplifier 

Pentodt Unit of6AD7-G and Stparat- 6FS-C 



Plate Voltage 

Screen Voltage. . . . 
Plate Dissipation . . 
Screen Dissipation. 



Plate Voltage 

Screen Voltage 

Cathode Resistor 

Peak A-F Grid-to-Grid Voltage. 

Zero-Signal Plate Current 

Maz.-Signal Plate Current 

Zero-Signal Screen Current 

Maz.-Signal Screen Current 

Effective Load Resistance (plate-to-plate) 

Total Harmonic Distortion 

Maz.-Signal Power Output 



375 max. 
285 max. 
8.5 max. 
2.7 max. 



Amplifier: 




and 6F6 


■G lotelhtr 

285 




250 


375 


250 


285 


250 


560 


470 


470 


59 


64 


55 


36 


47.5 


41 


41 


54.5 


50 


6.7 


8.2 


6.7 


11.7 


13.5 


9.2 


14000 


12000 16000 


4 


4 


2 


6 


8.5 


9 



Volts 
Volts 
Watts 
Watts 



Volts 
Volts 
Ohms 
Volts 

Milliamperes 

Milliamperes 

Milliamperes 

Milliamperes 

Ohms 

Per cent 

Watts 



6AE6-G 




TWIN-PLATE CONTROL TUBE 

The 6AE6-G is intended for use as a con- 
trol tube for twin-type electron-ray tubes; 
it provides in effect two triodes with different 
cut-off characteristics. With avc voltage 
applied to the common control grid in suitable 
circuits, one triode section operates on weak 
signals while the other operates on strong 
signals. Physical characteristics are shown 
in Fig. 2-17, OUTLINES SECTION. The 
tube may be mounted in any position. 

CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.15 Ampere 

Remote Cut-Off Triode 

Plate Voltage 250 max. Volts 

Characteristics: 

Plate Voltage 250 250 250 250 Volts 

Grid Voltage -35 -15 -6 -1.5 Volts 

Amplification Factor 25 

Plate Resistance (Approz.) 25000 Ohms 

Transconductance 1000 Micromhos 

Plate Current 0.01 0.8 2.8 6.5 Milliamperes 

Sharp Cut-Off Triode 

Plate Voltage 250 max. Volts 

Characteristics: 

Plate Voltage 250 250 Volts 

Grid Voltage -9.5 -1.5 Volts 

Amplification Factor 33 

Plate Resistance (Approz.) 35000 Ohms 

Transconductance 950 Micromhos 

Plate Current 0.01 4.5 Milliamperes 



6AE7-GT 



TWIN-INPUT TRIODE AMPLIFIER 

The 6AE7-GT is intended for use as a 
voltage amplifier triode or as a driver for two 
type 6AC5-GT tubes in dynamic-coupled 
push-pull amplifiers. In the latter service, 
the 6AE7-GT takes the place of the two tubes 
ordinarily required as drivers. Physical char- 
acteristics are shown in Fig. 2-8. OUTLINES 
SECTION. The 6AE7-GT may be mounted 
in any position. 



★CHARACTERISTICS 



Heater Voltage (A.C. or D.C.) . 
Heater Current 
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7AX 



Volts 
Ampere 
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As Class Ai Amplifier 
Both grids connected together at socket; likewise both cathodes 

Plate Voltage 300 max. VolU 

Plate Dissipation 5 max. Watts 

Typical Operation and Characteristics: 

Plate Voltage 250 Volts 

Grid Voltage -13.5 Volts 

Plate Current 10 Milliamperes 

Plate Resistance 4650 Ohms 

Amplification Factor 14 

Transconductance 3000 Micromhoa 

As Driver for Two Type 6AC5-GT Tubes In Dynamic-Coupled 
Push-Pull Amplifier 

Plate Voltage 300 max. Volts 

Plate Dissipation 5 max. Watts 

Typical Operation: 

Plate-Supply Voltagef 250 Volts 

Grid Voltage t VolU 

Grid-to-Grid Input Signal to Driver* 44 rms Volts 

Zero-Signal Driver Plate Current i 10 Milliamperes 

Maz.-Signal Driver Plate Current 19 Milliamperes 

Zero-Signal Plate Current of 6AC5-GT'a 64 Milliamperes 

Max. -Signal Plate Current of 6AC5-GT's 76 Milliamperes 

Load Resistance (plate-to-plate) (6AC5-GT's) 10000 Ohms 

Harmonic Distortion (6AC5-GT's) 10 Per cent 

Power Output (6AC5-GT's) 9.5 Watts 

t Bias voltage for both the driver and the push-pull stage is developed by the dynamic-coupled 
connection. 

* Current does not flow in the driver grid circuit during any part of the input cycle. 




POWER AMPLIFIER TRIODE 

The 6B4-G is a low-mu triode designed for 
the output stage of radio receivers. The 
electrical characteristics are the same as those 
of the 6A3, but the 6B4-G is provided with 
an octal base. Physical characteristics are 
shown in Fig. 2-26, OUTLINES SECTION. 
The tube should be mounted in a vertical 
position; horizontal operation is permissible 
if the plane of the filament is vertical. 



6B4-G 




DUPLEX-DIODE PENTODE 

The 6B7-S is a multi-electrode tube con- 
sisting of two diodes and an r-f pentode in 
one envelope. This type is intended for use 
as a replacement in receivers designed for its 
characteristics. The characteristics of the 
6B7-S are similar to those of the 6B7; how- 
ever, the two types are not usually inter- 
changeable. 



6B7-S 




DETECTOR AMPLIFIER TRIODE 

The 6C5-GT is a triode of the beater- 
cathode type designed for use as a detector, 
amplifier, or oscillator. Except for the 
capacitances, the electrical characteristics are 
the same as those for the 6C5. Capacitances 
are: grid-plate, 2.2 p/if; grid-cathode, 4.4 wit; 
plate-cathode, 12 mif. Physical character- 
istics are: maximum over-all length, 3 1, in.; 
maximum seated height, ZH in.; maximum 
diameter, 1 A in.; bulb, T 9; base, small 
wafer octal 6-pin with metal sleeve; mounting 
position, any. 



6C5-GT 
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DUPLEX-DIODE TRIODE 

. s^—j The 6C7 is a multielectrode tube consisting 

OC / of two diodes and a medium- mu triode in one 

N,/ envelope. This type is intended for renewal 

in receivers designed for its characteristics. 
Characteristics are similar to those of the 85, 
but the 6C7 is not interchangeable with it. 




6D7 



TRIPLE-GRID DETECTOR AMPLIFIER 

The 6D7 is a triple-grid tube designed for 
use as a detector or amplifier. This type is 
intended for replacement in receivers designed 
for its characteristics. With plate volts of 
250, screen volts of 100, and grid volts of -3, 
the plate current is 2 ma., screen current is 
0.5 ma., transconductance is 1225 micromhos. 




TWIN-TRIODE POWER AMPLIFIER c tz 

The 6E6 is a heater-cathode type of tube 
consisting of two low-mu triodes in one bulb. 

£ r jf The 6E6 is designed for use as a class A am- PT ( 

OCO plifier in either parallel or push-pull circuits. 

Dimensions are shown in Fig, 2-25, OUT- 
LINES SECTION. The tube may be 
mounted in any position. The heater voltage 
is 6.3 volts; current, 0.6 ampere. With plate 
volts of 250, and grid volts of -27.5, the 

characteristics for each unit are: plate cur- ... . . c 

rent, 18 ma.; plate resistance, 3500 ohms; transconductance, 1700 micromhos; amplification factor, o. 
With plate-to-plate load resistance of 14000 ohms, the power output for, two, tubes is 1.6 watts. 




TRIPLE-GRID SUPER-CONTROL 
AMPLIFIER 

The 6E7 is a triple-grid amplifier designed 
Ot/ for use 38 an r " f or " amplifier. This type 

is intended for replacement in receivers de- 
signed for its characteristics. With plate 
volts of 250, screen volts of 100, and grid 
volts of -3, the plate current is 8.2 ma, the 
screen current is 2 ma., transconductance is 
1600 micromhos. 




6H6-GT 



TWIN DIODE 

The 6H6-GT is a tube of the heater- 
cathode type containing two diodes in a 
single envelope. Except for physical char- 
acteristics, the 6H6-GT is identical to the 
6H6. Physical characteristics are: maximum 
overall length, 2H"; maximum seated height, 
2H"; maximum diameter, 1A*: bulb, T-9; 
base, small wafer octal 7-pin, with sleeve; 
mounting position, any. 



K D2 




GT-7Q 
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PHP, 




HPsMEPTOOE 



TRIODE-HEPTODE CONVERTER 

The 6J8-G to a multi-unit tube consisting 
of a triode unit and a heptode unit in one 
envelope. The triode unit is designed to 
serve as the oscillator and the heptode unit 
as the detector in superheterodyne receivers. 
Application is similar to that for circuits 
employing separate oscillator and detector. 
The control grid of the triode is connected 
within the tube to grid No. 3 of the heptode 
unit for efficient electron coupling. Physical 
characteristics of the 6J8-G are shown in 
Fig. 2-15, OUTLINES SECTION. The 
6J8-G may be mounted in any position. 



6J8-G 



CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 

Heater Current 0.3 

Direct Interelectrode Capacitances: 

Heptode Grid to Heptode Plate* 0.01 max. 

Heptode Grid to Triode Plate* 0.015 max. 

Heptode Grid to Triode Grid* 0.13 

Triode Grid to Triode Plate 2.2 

Heptode Grid to All Other Electrodes - R-F Input 4.4 

Triode Plate to All Other Electrodes -Osc. Output . . 5.5 

Triode Grid to All Other Electrodes -Osc. Input 11.7 

Heptode Plate to All Other Electrodes - Mixer Output 8.8 

* With shield-can 

As Frequency Converter 

Heptode Plate Voltage 

Heptode Screen Voltage (Grids No. 2 and 4) 

Triode Plate Supply Voltage t 

Typical Operation: 

Heptode Plate Voltage 

Heptode Screen Voltage 

Heptode Control-Grid Voltage (Grid No. 1) 

Triode Plate Voltage 

Triode Grid Resistor 

Heptode Plate Resistance (Approx.) 

Conversion Transconductance 

Heptode Control-Grid Voltage for conversion transcon- 
ductance of 2 micromhos 

Heptode Plate Current 

Heptode Screen Current 

Triode Plate Current 

Triode Grid and Heptode Grid No. 3 Current 



Volts 
Ampere 

ml 

m\ 
«« 
wj 
wj 
v*\ 
ma. 
w 





250 max. 


Volts 




100 max. 


Volts 




250 max. 


Volts 


100 


250 


Volts 


100 


100 


Volts 


-3 


-3 


Volts 


100 


250 1 


Volts 


50000 


50000 


Ohms 


0.9 


4 


Megohms 


250 


290 


Micromhos 




-20 


Volts 


1.4 


1.3 


MOliamperes 


3 


2.9 


Milliamperes 


3 
0.3 


5 


Milliamperes 


0.4 


MOliamperes 



Characteristics of Triode Unit Only 

The transconductance of the triode section, not oscillating, is approximately 1600 micromhos 
when the plate voltage is 150 volts, and the grid voltage is -3 volts. 

t Applied through 20000-ohm voltage-dropping resistor. 




§ 'hS TRIODE-HEXODE converter 

^ f^Gj ' 1116 6K -8-G and 6K8-GT are multi-elec- 

trode tubes consisting of a triode oscillator Alf'Q 
( 6 ) K t and a hexode mixer in a single envelope. Both O IX O ~ 

of these types are identical electrically to 
the 6K8 except for the capacitances (raven 
(2\ ...J) 1JA 7 ) h below)- Refer to the 6K8 for Installation » tsf\ f** T 

and Application. Physical characteristics of ftK O-C 9 I 
«.k« r -Nr( i ) - ( a ) 6K8-G are shown in Fig.2-15 and of the wlvw w ' 

IkI-gtSS-Vt^k 6K8-GT in Fig. 2-6, OUTLINES SECTION. 

Both types may be mounted in any position. 

G-8K 

★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Direct Interelectrode Capacitances: 

Hexode Grid No. 3 to Hexode Plate 0.08 max. mil 

Hexode Grid No. 3 to Triode Plate 0.05 imt 

Hexode Grid No. 3 to Triode Grid No. 1 and Hexode Grid No. 1 . 0.2 wd 
Triode Grid and Hexode Grid No. 1 to Triode Plate 1.8 md 
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Triode Grid and Hexode Grid No. 1 to Hexode Plate 0.1S unt 

Hexode Grid No. 3 to All Other Electrodes -R-F Input 4.6 wt 

Triode Plate to All Other Electrodes Except Triode Grid and 

Grid No. 1 -Oac Output 3.4 «.f 

Triode Grid and Hexode Grid No. 1 to All Other Electrodes Except 

Triode Plate -Oac. Input 6.5 tijif 

Hexode Plate to All Other Electrodes -Mixer Output 4.8 wf 



6P5-GT/ 
6P5-G 



DETECTOR AMPLIFIER TRIODE 

The 6P5-GT/6P5-G is a triode of the heater- 
cathode type tor use as detector, amplifier, 
or oscillator. It is also used as a driver for 
the 6AC5-GT/6AC5-G. Except for capac- 
itances, the electrical characteristics of the 
6P5-GT/6P5-G are the same as for the 6P5-G. 
The capacitances are: grid-plate, 2.8 wU 
grid-cathode, 3.5 twt; plate-cathode, 2.5 wif. 
Physical characteristics are shown in Fig. 2-8. 
OUTLINES SECTION. The 6P5-GT/6P5-G 
may be mounted in any position. 




TRIODE PENTODE 



=2P 



6P7-G 



The 6P7-G is a heater-cathode type of 
tube combining in one bulb a triode and an 
r-f pentode of the remote cut-off type. 
Electrical characteristics, (except for capac- 
itances), installation and application for the 
6P7-G are the same as for the 6F7 but the 
6P7-G ia equipped with a standard octal base. 
Capacitances of the triode unit are: grid- 
plate, 2 wif; grid-cathode, 1.4 wif; plate- 
cathode, 2 inal and for the pentode unit; 
grid-plate (with tube shield), 0.007 md; in- 
put, 2.8 *u(; output, 11.5 wf. Dimensions 
are shown in Fig. 2-15, OUTLINES SECTION. The tube may be mounted in any position. 




6R7-GT jS 



DUPLEX-DIODE TRIODE 

The 6R7-GT is a multi-unit tube like 
_ype 6R7 in electrical characteristics. 
Physical characteristics of the 6R7-GT are 
shown in Fig. 2-6, OUTLINES SECTION. 
The 6R7-GT may be mounted in any position. 




6SA7-GT 



PENTAGRID CONVERTER 

The 6SA7-GT is a multi-electrode tube of 
the single-ended type designed to perform 
simultaneously the functions of mixer (first 
detector) and of an oscillator' tube in super- 
heterodyne circuits. Installation and appli- 
cation of the 6SA7-GT are similar to those 
for the 6SA7. 




★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 

Heater Current 

Direct Interelectrode Capacitances: 

Grid No. 3 to All Other Electrodes - R-F Input* 

Plate to All Other Electrodes - Mixer Output* 

Grid No. 1 to All Other Electrodes* 

* With base shell connected to cathode. 
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sir KEir-gj 

GT-8AD 



Volts 
Ampere 
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Grid No. 3 to Plate* 0.2 max. wif 

Grid No. 1 to Grid No. 3* 0.2 max. imil 

Grid No. 1 to Plate* 0.2 max. mil 

Grid No. 1 to Shield and All Other Electrode! Except Cathode. .. 5 wrf 

Grid No. 1 to Cathode 3 w»f 

Maximum Overall Length 3H" 

Maximum Seated Height 2 A* 

Maximum Diameter 1 A" 

Bulb T-9 

Base Small Wafer Octal 8-Pin, Sleeve 

Mounting Position Any 

As Frequency Converter 

Typical Operation With Self-excitation: 

Typical operation of the 6SA7-GT is the same as for the 6SA7. 




HIGH-MU TRIODE , 

The 6SF5-GT is a high mu triode of the 
single-ended glass type for use in resistance- 
coupled amplifier circuits. Electrical char- 
acteristics, except capacitances are the same 
as for the 6SP5. Physical characteristics are 
shown in Fig. 2-5, OUTLINES SECTION. 



6SF5-GT 



^?r\ nf D DIODE SUPER-CONTROL 

XTKf-yo AMPLIFIER PENTODE 

G 3p(2j(^"r^pY> The 6SF7 is a single-ended metal tube 

( [rzz ZZ \ 1 consisting of a diode and a super-control / r> 

rA/Cj — |H Jc\ amplifier pentode in the same envelope. nSr/ 

Gip(!\ A->AZJh The pentode unit is designed especially for wl ' 
^ _ ^ use as an i-f amplifier although ft may also 
( i ) ■ (s) H be used as an a-f amplifier. Dimensions are 
sW key W shown in Fig. 1-3, OUTLINES SECTION. 
^ z The 6SF7 may be mounted in any position. 

★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Direct Interelectrode Capacitances— Pentode Unit:* 

Grid to Plate 0.004 max. ittf 

Input 5.5 iiid 

Output 6.5 nnl 

Grid to Diode Plate 0.002 max. md 

Plate to Diode Plate 0.8 i*4 

• With shell connected to cathode. 

Pentode Unit— As Claw Ai Amplifier 

Plate Voltage 300 max. Volts 

Screen Voltage 100 max. Volts 

Screen Supply Voltage 300 max. Volts 

Grid Voltage 0 iron. Volts 

Plate Dissipation 3.5 max. Watts 

Screen Dissipation 0.5 max. Watt 

Typical Operation and Characteristics— Class Ai Amplifier: 

Plate Voltage 100 250 Volts 

Screen Voltage 100 100 Volts 

Grid Voltage -1 -l Volts 

Plate Resistance (Approx.) 0.2 0.7 Megohm 

Transconductance 1975 2050 Mioromhos 

Grid Voltage (Approx.) for transconductance of 10 mi- 

cromhos -35 -35 Volte 

Plate Current 12 12.4 MilHamperes 

Screen Current 3.4 3.3 Milliamperes 

Diode Unit 

The diode plate is placed around the cathode, the sleeve of which is common to the pentode 

unit. 
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6SG7 



TRIPLE-GRID SUPER-CONTROL 
AMPLIFIER 

The 6SG7 is an r-f amplifier of the single- 
ended metal type. The high tranaconduct- 
ance, low grid-plate capacitance, and two 
separate cathode terminals are desirable 
characteristics for the design of receivers in 
high-frequency and wide-band applications. 
Physical characteristics are shown in Fig. 1-3, 
OUTLINES SECTION. The 6SG7 may be 
mounted in any position. 




SBC 



★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Direct Interelectrodb Capacitances: 

Grid to Plate 0.003 max. iiptt 

Input 8.5 mil 

Output 7.0 w<f 



As Clan Aj Amplifier 

Plate Voltage 300 max. Volts 

Screen Voltage (Grid No. 2) 150 max. Volts 

Screen Supply Voltage 300 max. Volts 

Grid Voltage (Grid No. 1) 0 min. Volts 

Plate Dissipation 3 max. Watts 

Screen Dissipation 0.6 max. Watt 

Typical Operation and Characteristics — Class Ai Amplifier: 

Plate Voltage 100 250 250 Volts 

Screen Voltage 100 125 150 Volts 

Grid Voltage -1 -1 -2.6 Volts 

Suppressor .Connected to cathode at socket 

Plate Resistance (Approx.) 0.25 0.9 i Megohm 

Transconductance 4100 4700 4000 Micromhos 

Grid Voltage (Approx.) for Transconductance =• 

40 micromhos -11.5 -14 -17.5 Volts 

Plate Current 8.2 11.8 9.2 Milliamperes 

Screen Current 3.2 4.4 3.4 Milliamperes 

t Greater than 1 megohm 



6SJ7-GT 



TRIPLE-GRID DETECTOR AMPLIFIER 

The 6SJ7-GT is a single-ended glass tube 
of the triple-grid type with a sharp cut-off 
characteristic Physical characteristics are: 
maximum overall length, 3 A in.; maximum 
seated height, 2% in.; maximum diameter, 
1-fs in.; bulb, T-9; base, small wafer octal 
8-pin with metal sleeve. The tube may be 
mounted in any position. 




GT-8N 



CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 

Heater Current 0.30 

Direct Interelectrodb Capacitances: 

Grid-Plate 0.005 max. 

Input 6.3 

Output 10 



Volts 
Ampere 

Mlf 



As Class Aj Amplifier 

Plate Voltage 100 250 max. Volte 

Screen Voltage 100 100 max. Volts 

Grid Voltage -3 -3 Volts 

Suppressor Connected to cathode at socket 

Plate Resistance (Approx.) 0.7 1.5 Megohms 

Transconductance 1575 1650 Micromhos 

Plate Current 2.9 3 Milliamperes 

Screen Current 0.9 0.8 Milliamperes 
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TRIPLE-GRID SUPER- 
CONTROL AMPLIFIER 

The 6SK7-GT it a triple-grid «uper-control 
amplifier having single-ended construction. 
Installation and application of the 6SK7-GT 
are the same as for the 6SK7. 



6SK7-GT 



GT-8N 



if CHARACTERISTICS 



Heater Voltage (A.C. or D.C) 

Heater Current 

Grid-Plate Capacitance* 

Input Capacitance* 

Output Capacitance* • 

Maximum Overall Length 

Maximum Seated Height , 

Maximum Diameter 

Bulb 

Base Small Wafer Octal 8-Pin 

Mounting Position Any 

* With base sleeve connected to cathode. 



6.3 Volts 
0.3 Ampere 
0.005 max. wif 
6.3 wf 
10 wif 
3/ " 
2* 



T-9 



Sleeve 



As Class A t Amplifier 
Maximum ratings and characteristics for the 6SK7-GT are the same as for the 6SK7. 



^>V7< TWIN-TRIODE AMPLIFIER 

^Jj^.. L.. The 6SN7-GT is a single-ended twin-triode 

IALi— . f—u L amplifier having separate cathode terminals AQK.I7 CZ.T 

p T2{2\ \ A^— TTMu for each unit. It is designed for use as a resist- (JOIN/ ~\J I 

^\) x^y^J" ance-coupled amplifier and phase inverter. 

, rr-w-fS Physical characteristics are shown in Fig. 2-8, 

°TzK!J Wm OUTLINES SECTION. The tube may be 

KEY mounted in any position. 

8BD 

★CHARACTERISTICS 

Heater Voltage ( A .c. or u.C.) 6.3 Volts 

Heater Current 0.6 Ampere 

Direct Interelectrode Capacitances (Approx.): j 

Triodt Unit Ti Trioii Unit T, 

Grid to Plate 4 4 wif 

Grid to Cathode 3.2 3.8 w«f 

Plate to Cathode 3.4 2.6 «rf 

Plate to Plate 0.5 imi 

Grid to Grid 0.034 net 

Grid Ti to Plate Ti 0.12 »*t 

I With close-fitting shield connected to cathode. 



As Class Ai Amplifier — Each Unit 
Maximum ratings and characteristics for each unit are the same as those for the 6J5. 
also to the 6F8-G in the RESISTANCE-COUPLED AMPLIFIER CHART. 



Refer 




DUPLEX-DIODE 
HIGH-MU TRIODE 

The 6SQ7-GT is a single-ended glass tube 
containing two diodes and a high-mu triode. 
Installation and application are the same as 
for the 6SQ7. 



6SQ7-GT 



GT-8Q 



— 23S — 



RCA RECEIVING TUBE MANUAL 



★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Vote 

Heater Current 0.3 Ampere 

Triode: Grid-Plate Capacitance (Approx.)* 1.8 md 

Grid-Cathode Capacitance (Approx.)* 4.2 Mff 

Plate-Cathode Capacitance (Approx.)* 3.4 npi 

Maximum Overall Length 3 ft* 

Maximum Seated Height 2}i' 

Maximum Diameter 1 j{» 

Bulb T-9 

Base .Small Wafer Octal 8-Pin, Sleeve 

Mounting Position Any 

* With base sleeve connected to cathode. 

Triode Unit — As Class A, Amplifier 
Maximum rating and typical operation for the 6SQ7-GT are the same as for Type 6SQ7. 



6SR7 

METAl 



DUPLEX-DIODE TRIODE 

The 6SR7 is a metal tube of the single- 
ended type containing two diodes and a 
triode in a single envelope. It is designed 
for use as a combined detector, amplifier, and 
automatic-volume-control tube. The plate 
family for the 6SR7 is the same as that for 
the 6R7. Refer to Type 6R7 in RESIST- 
ANCE-COUPLED AMPLIFIER CHART 
for operating conditions as a resistance- 
coupled amplifier. Physical characteristics 
are shown in Fig. 1-3. OUTLINES SECTION. 
The 6SR7 may be mounted in any position. 




8Q 



■^CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Tttodt — Grid-Plate Capacitance (Approx.)* 2.4 w>f 

Grid-Cathode Capacitance (Approx.)* 3.0 imi 

Plate-Cathode Capacitance (Approx.)* 2.8 u/if 

* With shell connected to cathode. 

Triode Unit as Class Ai Amplifier 

Plate Voltage 250 max. Volts 

Plate Dissipation 2.5 max. Watts 

Typical Operation With Transformer Coupling: 

Plate Voltage 250 Volts 

Grid Voltage -9 Volts 

Amplification Factor 16 

Plate Resistance 8500 Ohms 

Transconductance 1900 Mkromhos 

Plat; Current 9.5 MiUiamperes 

Load Resistance 10000 Ohms 

Power Output 300 Milliwatts 



Diode Unit 

The diodes are independent of each other and of the triode unit except tor the common cathode. 



TRIPLE-GRID SUPER-CONTROL 
AMPLIFIER 

The 6SS7 is a triple-grid super-control am- 
ACC^ plifier of the single-ended metal type. Its 

OOJ/ 6.3-volt, 0.15-ampere heater facilitates the 

design of equipment employing a series of 
0.15-ampere tubes such that the total heater 
voltage will not exceed 117 volts. Physical 
characteristics are shown in Fig. 1-3, OUT- 
LINES SECTION. The tube may be mount- 
ed in any position. 




8N 
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★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3 Volts 

Heater Current 0.15 Ampere 

Direct Interelkctrode Capacitances:* 

Grid to Plate 0.004 max wif 

Input 5.5 mil 

Output 7 iLiit 

* With shell connected to cathode. 



As Class A, Amplifier 

Plate Voltage 300 max. Volts 

Screen Voitage 100 max. Volti 

Screen Supply Voltage 300 max. Volts 

Grid Voltage 0 min. Volts 

Plate Dissipation 2.25 max. Watts 

Screen Dissipation 0.35 max. Watt 

Typical Operation: 

Plate Voltage 100 250 Volts 

Screen Voltage 100 100 Volts 

Grid Voltage -1 -3 Volts 

Suppressor Connected to cathode at socket 

Plate Current 12.2 9 MiUiamperes 

Screen Current 3.1 2 Milliamperes 

Plate Resistance 0.12 1 Megohm 

Transconductance 1930 1850 Micromhos 

Grid Biast -35 -35 Volts 

t For transconductance of 10 micromhos (approx.). 




DUPLEX-DIODE TRIODE 

The 6V7-G is a heater-cathode type of tube 
consisting of two diodes and a triode in a 
single bulb. Except for physical character- 
istics, the 6V7-G is identical to the 85. Di- 
mensions are shown in Fig. 2-15, OUTLINES 
SECTION. The 6V7-G may be mounted in 
any position. 



6V7-G 



G-7V 




FULL-WAVE HIGH-VACUUM 
RECTIFIER 

The 6Y5 is a full-wave, high- vacuum 
rectifier for replacement in receivers 
designed for its characteristics. The 
heater voltage is 6.3 volts; current, 0.8 
ampere. The maximum a-c plate volt- 
age per plate is 350 volts (RMS), and 
the c~c output current is 50 ma. Phys- 
ical characteristics are shown in Fig. 
2-19, OUTLINES SECTION. 



6Y5 



PT2 




CLASS B TWIN AMPLIFIER 

The 6Y7-G is a heater-cathode type of tube 
combining in one bulb two high-mu triodes 
designed tor class B operation. Installation 
and application are the same as for the 79, 
except that the 6Y7-G requires an octal 
socket. Physical characteristics are shown 
in Fig. 2-17, OUTLINES SECTION. The 
6Y7-G can be mounted in any position. 
Refer to Type 79 for electrical characteristics. 



6Y7-G 
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615 



FULl-WAVE HIGH-VACUUM 
RECTIFIER 

The 6Z5 is a full-wave, high vacuum 
rectifier for replacement in receiver! designed 
for its characteristics. The heater is designed 
with a tap so that it may be operated with 
the two sections in series on 12.6 volts and 
0.4 ampere, or in parallel on 6.3 volts and 
0.8 ampere. The maximum a-c plate voltage 
is 230 volts (RMS), and the maximum d-c 
output current is 60 ma. Physical charac- 
teristics are shown in Fig. 2-19. OUTLINES 
SECTION. 



PD2 




6K 



7A4 



DETECTOR AMPLIFIER TRIODE 

The 7A4 is a three-electrode general- 
purpose tube of the heater-cathode type for 
use as amplifier and detector. The base fits 
the lock-type socket which may be installed 
to hold the tube in any position. Physical 
characteristics of the 7A4 are shown in Fig. 
2-4. OUTLINES SECTION. For heater 
operation and cathode connection, refer to 
the 6A8. 



★CHARACTERISTICS 

hsatkr voltage (a.c. ot d.c.) 

Hkatkr Current 

Grid-Plate Capacitance (Approx.)* 

Grid-Cathode Capacitance (Approx.)* 

Plate-Cathode Capacitance (Approx.)* 

* With close-fitting shield connected to cathode. 

X Nominal value is 7 volts. tt Nominal value is 0.32 ampere. 




6.31 


Volts 


0.3ft 


Ampere 


4 


m\ 


3.4 


ma 


3 





As Oast A] Amplifier 
Maximum ratings and typical operation for the 7A4 are the same as for the 6J5. 




NC__ NC 
(i) 

BEAM POWER AMPLIFIER 

7 A S The 7A5 is a beam power amplifier of the 

/ r\+J locking-base type. It is for use in the power- p (2] 

output stage of radio receivers designed for 
its characteristics. ( i ) L5J ( a ) 

6AA 

^•CHARACTERISTICS 

Heater Voltage (A.C or D.C.) 6.3t VoM» 

Heater Current 0.7J1 Ampere 

Maximum Overall Length a ft* 

Maximum Skated Height 2M» 

Maximum Diameter lft" 

Base Lock-type 8-Pin 

Mounting Position Any 

t Nominal value is 7 volts. tt Nominal value is 0.75 ampere. 

As Class A* Amplifier 

Plate Voltage 125 max. Volts 

Screen Voltage (Grid No. 2) 125 max. Volts 

Plate Dissipation 5-5 max. Watts 

Screen Dissipation L2 max. Watts 

Typical Operation: „ ,. 

Plate Voltage 110 125 Volts 

Screen Voltage 110 125 Volts 
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Grid Voltage (Grid No. 1)* -7.5 -9 Volts 

Peak A-F Grid Voltage 7.5 9 Volte 

Zero-Signal Plate Current 40 44 Milliamperea 

Max.-Slgnal Plate Current 41 45 Milliamperea 

Zero-Signal Screen Current (Approx.) 3 3.3 Milliamperea 

Max.-Signal Screen Current (Approx.) 7 9.5 Milliamperes 

Plate Resistance (Approx.) 14000 17000 Ohms 

Transconductance 5800 6000 Micrombos 

Load Resistance 2500 2700 Ohms 

Total Harmonic Distortion 10 10 Per cent 

Max.-Signal Power Output 1.5 2.2 Watts 

* The d-c resistance in the grid circuit should not exceed 0.1 megohm with fixed bias, or 0.5 
megohm with cathode bias. 




INTERNAL tl „ 
CONNECTION ? — s. r~\NC 

oo not use ( 4 ) f»} HIGH-MU TRIODE 

The 7B4 is a high-mu triode of the locking- 
base type for use in resistance-coupled am- —w r\ a 
, , . -, , , plifier circuits. Physical charactenstics are / rutL 
p^IK A AIA shown in Fig. 2-4, OUTLINES SECTION. ' 

The tube may be mounted in any position. 
! 8 ) Except as shown below, the electrical char- 

Bs actenstics are the same as those for the 6SF5. 

5AC 2 

CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3* Volts 

Heater Current 0.3** Ampere 

Direct Interelectrodb Capacitances — Triode Unit: 

Grid to Plate 1.6 mil 

Grid to Cathode 3.6 «if 

Plate to Cathode 3.4 nut 

* Nominal value is 7 volts. ** Nominal value is 0.32 ampere. 

Triode Unit 

Plate Voltage 250 max. Volts 

Typical Operation and Characteristics: 
Values are the same as for the 6SF5. 




6AE 



POWER AMPLIFIER PENTODE 

The 7B5-LT is a power amplifier pentode 
of the locking-base type for use in the output 
stage of radio receivers designed for its char- 
acteristics. The 7B5-LT is interchangeable 
with the 7B5. Physical characteristics are 
shown in Fig. 2-7, OUTLINES SECTION. 
The tube may be mounted in any position. 



Heater Voltage (A.C. or D.C.) . 
Heater Current 



7B5-LT 



t Nominal value is 7 volts. 



★CHARACTERISTICS 

6.31 

0.4it 

tt Nominal value is 0.43 ampere. 



Volts 

Ampere 



As Class Ai Amplifier 

Maximum ratings and typical operating conditions for the 7B5-LT are the same as for the 
6K6-G. 



SORBS 
8W 



7B6-LM 



DUPLEX-DIODE 
HIGH-MU TRIODE 

The 7B6-LM is a multi-unit tube of the 
locking-base type containing two diodes and 
a high-mu triode in one envelope. The 7B6- 
LM is designed for use as a combined detector, 
amplifier, and automatic-volume-control tube. 
The triode unit is recommended for use in 
resistance-coupled amplifier service and may 
be used under the same conditions as given 
for the 6SQ7 in the RESISTANCE- 
COUPLED AMPLIFIER CHART. The 
7B6-LM is interchangeable with the 7B6. Physical characteristics are shown in Fig. 1-4. 
OUTLINES SECTION. The tube may be mounted in any position. 




METAL 
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Hbatbr Voltage (A.C. or D.C.) . 

Heater Current 

t Nominal value is 7.0 volts. 



-^-CHARACTERISTICS 

6.31 

0.3& 

tt Nominal value ia 032 ampere. 



VolU 
Ampere 



250 max. VolU 



Trlode Unit 

Plate Voltage 

Typical Operation and Characteristics: 
Value* are the same as those for the 6SQ7. 

Diode Unit 

The diode units are independent of each other and of the triode unit except for the common 
cathode. 




PENTAGRID CONVERTER 

The 7B8-LM is a multi-electrode tube of ° 2 (?V^-'— iVe^ 4 

_ ... the locking-base type designed to perform 1 1 1 ' 

/ D O I kA simultaneously the functions of a mixer (first 
/ UU'UVI detector) and of an oscillator in superheter- 

UfTAi odyne circuits. The 7B8-LM is interchange- p\2) 
able with the 7B8. The physical characteris- 
tics of the 7B8-LM are shown in Fig. 1-4, ( i )H(s) 
OUTLINES SECTION. The 7B8-LM may H WSW H 
be mounted in any position. 

8X 

★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.31 VolU 

Heater Current 0.31J Ampere 

Direct Interblectrode Capacitances:* _ , 

Grid No. 4 to Plate 0.3 max. wd 

Grid No. 4 to Grid No. 2 0.2 md 

Grid No. 4 to Grid No. 1 0.15 w& 

Grid No. 1 to Grid No. 2 : 0.8 mtl 

Grid No. 4 to All Other Electrodes -R-F Input 10 wrf 

Grid No. 2 to All Other Electrodes Except Grid No. 1 -One. Output 3 ind 

Grid No. 1 to All Other Electrodes Except Grid No. 2 -Osc. Input 4.8 wf 

Plate to All Other Electrodes - Mixer Output 12 w<f 

• With shell connected to cathode. 

X Nominal value is 7 volts. tt Nominal value is 0.32 ampere. 

As Frequency Converter 

Plate Voltage 250 max. VolU 

Screen Voltage (Grids No, 3 and No. 5) 100 max. VolU 

Anode-Grid Voltage (Grid No. 2) 200 max. VolU 

Anode-Grid Supply Voltage^ 250 max. Volts 

Total Cathode Current Umax. Milliamperes 

Typical Operation: „„ „ . 

Plate Voltage 100 250 Volts 

Screen Voltage 50 100 VolU 

Anode Grid Voltage 100 2501 VolU 

Control-Grid Voltage . . -US -3 VolU 

Oscillator-Grid Resistance (Grid No. 1) 50000 50000 Ohms 

Plate Resistance (Approx.) 0.6 0.36 Megohm 

Conversion Transconductance 360 550 Micromhos 

Conversion Transconductance 3t _§i wucromnos 

Plate Current 1.1 3.5 Mifflamperes 

Screen Current 1-3 2.7 Milliamperes 

Anode-Grid Current 2 4 Milliamperes 

Oscillator-Grid Current 0.25 0.4 Milliampere 

Total Cathode Current 4.6 10.6 Milliamperes 

•J Anode-grid supply voltages in excess of 200 volU require the use of a 20000-ohm voltage- 
dropping resistor by-passed by a 0.1 itt condenser. 

f With grid bias of -20 volts, i With grid bias of -35 volU. 



BEAM POWER AMPLIFIER 

The 7C5-LT is a beam power amplifier of 
the locking-base type for use in the output 
— , _ (tage of radio receivers. The characteristics 
/ f r%.\ I ofiQie 7C5-LT are similar to those of the 6V6. 

' *" The 7C5-LT is interchangeable with the 

Type 7C5. The physical characteristics of 
the 7C5-LT are shown in Fig. 2-9, OUT- 
LINES SECTION. The tube may be 
mounted in any position. 
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★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6 JjL ™* 

Heater Current / - 7 " " 1 * 

t Nominal value is 7 volts, tt Nominal value it 0.45 ampere. 

Ai Amplifier 

The maximum ratings and typical operating condition! for 7C5-LT are the same at the 

6V6. 



C3 QJ$ TRIPLE-GRID 

DETECTOR AMPLIFIER 

(/ --- ] The 7C7 it a triple-grid detector amplifier 

iT\ ' » 1— -jT^I of the locking-baie type recommended for 

PVfA /\ Ai" 1 service as a biased detector. Physical char- 

>*rmrf*\ acteristics of the 7C7 are shown in Fig. 2-4, 

„C0sv1/h OUTLINES SECTION. The 7C7 may be 

s or bs mounted in any position. 

8V 

★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) - 6 j*L 

Heater Current n tnTiu 

Grid-Plate Capacitance* " *"L 

Input Capacitance* 2;2 

Output Capacitance* D -° 

1 Nominal value is 7 volta. tt Nominal value is 0.16 ampere 

* With close-fitting shield connected to cathode. 



7C7 



Volts 

Ampere 

w»f 

w» 

wif 



At Clatt Ai Amplifier 

,,„, 300 max. Volts 

Plate Voltage in0 Voltt 

Screen Voltage. 30o22' VolS 

tPSZSZE? VoLTAG " :::::::::::::::: o 3£ vSS 

Grid Voltage , „ w>tt 

Plate Dissipation Ai 22 Witt 

Screen Dissipation. : • 0.1 max. watt 

Typical Operation and Characteristics: . 

Plate Voltage \°° fS EJg 

Screen Voltage 10 9 10 ° $3™ 

g™ 1 V.'. '.'.'.*.'.'.'.'.'.*.'.'.'.'.'.'. . . .Connected to cathode at socket 

fsraeid.-.-.v.:::.:.-:: to - t* at Megohm. 

Plate Ree»tance (Approx.) ^5 130 o Mfcrornho. 

& c ci^nt::::::::::::::::::::::::::::::::::..: °* «« mm--*. 




SORBS 

8W 



DUPLEX-DIODE TRIODE 

The 7E6 is a multi-unit tube which con- 
tains two diodes and a medium-mu trode. 
It it of the locking-base type and may be 
mounted in any position. The 7E6 » de- 
signed for use as a combined detector, 
amplifiei. and automatic-volume-control tube 
in radio receivers. Physical .characttnstica of 
the 7E6 are shown in Fig. 2-4. OUTLINES 
SECTION. 



★CHARACTERISTICS 



Heater Voltage (A.C. or D.C.) . 

Heater Current 

t Nominal value is 7 volts. 



6.31 
0.3tt 



tt Nominal value it 0.32 ampere. 



7E6 



Volts 
Ampere 



Triode Unit— Ai Clan A t Amplifier 
Maximum ratings and typical operation for the 7E6 are the tame as for the 6R7. 
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DUPLEX-DIODE PENTODE "{^ $ 

The 7E7 is ■ multi-electrode tube contain- p °2/-, ^ 
ing two diodes and a pentode in one bulb. K ' 
"7E"7 It is of the locking-base type, and can be 

/ C/ mounted in any position. The 7E7 is In- 

tended for use as a combined detector, p { z > 
amplifier (audio-, radio-, or intermediate-fre- 
quency), and automatic-volume-control tube. i i )\rjl a ) 
Physical characteristics of the 7E7 are shown u 2 u 
in Fig. 2-4, OUTLINES SECTION. 

8AE 

★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.31 Volte 

Heater Current 0.3Jt Ampere 

Grid-Plate Capacitance* 0.005 max. mil 

Input Capacitance* 4.6 mil 

Output Capacitance* 4.6 md 

* With close-fitting shield connected to cathode. 

X Nominal value is 7 volts. XX Nominal value is 0.32 ampere. 



Pentode Unit — As Class At Amplifier 

Plate Voltage 250 max. Volts 

Screen Voltage (Grid No. 2) 100 max. Volts 

Typical Operation: 

Plate Voltage 250 Volts 

Screen Voltage 100 Volte 

Grid Voltage (Grid No. 1) -3 Volts 

Plate Current .- 7.5 Milliamperea 

Screen Current 1.6 MilUamperes 

Plate Resistance (Approx.) 0.7 Megohm 

Transconductance 1300 Micromhos 

Grid Bias for transconductance of 2 micromhos -42.5 Volts 




TWIN-TRIODE AMPLIFIER "©-J? 

The 7F7 is a multi-electrode tube of the PT VT/_^ J [ r _VT) PT| 
locking-base type employing two high-mu 
7C7 triodes in one bulb. It will u found useful 

/ I / as an amplifier or a phase inverter. The two , y — a' a — 1 7 )„ 

units are independent except for the common Kt2Vo\. — *1 _/V_y K T| 
heater. Physical characteristics of the 7F7 

are shown in Fig. 2-4. OUTLINES SEC- OJSW 

TIONS. The 7F7 can be mounted in any h bs H 

position. 8AC 

★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.31 Volte 

Heater Current 0.3lt Ampere 

X Nominal value is 7 volts. XX Nominal value is 0.32 ampere. 

Each Trlode Unit — As Clan Ai Amplifier 

Plate Voltage 250 max. Volts 

Grid Voltage 0 min. Volte 

Plate Dissipation 1.0 max. Watt 

Typical Operation: 

Plate Voltage 250 Volts 

Grid Voltage -2 Volte 

Plate Current 2.3 Milliamperes 

Plate Resistance 44000 Ohms 

Amplification Factor 70 

Transconductance 1600 Micromhos 



7G7/ 
1232 



TELEVISION AMPLIFIER 
PENTODE 

The 7G7/1232 is a triple-grid tube of the 
locking-base type. It is intended for use in 
video amplifiers of television receivers and in 
other applications where a tube having high 
transconductance is required. Physical char- 
acteristics of the 7G7/1232 are shown in Fig. 
2-4, OUTLINES SECTION. The 7G7/1232 
can be mounted in any position. 




8V 
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★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.31 VdtM 

Heater Current 0.45H Ampere 

Grid-Plate Capacitance* 0.007 max. ihJ 

Input Capacitance* * 9 w" 

Output Capacitance* ' w» 

* With close-fitting shield connected to cathode. 

X Nominal value u 7 volts. tt Nominal value is 0.48 ampere. 

As Clan Ai Amplifier 

Plate Voltage 250 max. Volts 

Screen Voltage (Grid No. 2) 100 max. Volts 

Screen Supply Voltage 250 max. Volts 

Plate Dissipation 1.5 max. Watta 

Screen Dissipation 0.2 max. Watt 

Typical Operation: 

Plate Voltage 250 Volts 

Screen Voltage 100 Volts 

Grid Voltage (Grid No. 1) -2 Volts 

Suppressor Connected to cathode at socket 

Plate Current 6 ' MUHamperee 

Screen Current 2 Milliamperes 

Plate Resistance (Approx.) . 0.8 Megohm 

Transconductance 4500 Micromhos 

Grid Voltage 0 -6 Volts 

• For cathode current cut-off. 




G VV^Sv^' TRIPLE-GRID SUPER-CONTROL 
(3*v_ — i \») AMPLIFIER 

o(2\ A ' — 7 ?)k The 7H7 is a triple-grid amplifier of the /it/ 
p /\ xw locking-base type. Physical characteristics 
are shown in Fig. 2-4, OUTLINES SECTION. 
The tube may be mounted, in any position. 

S OR BS " 
8V 

^•CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.31 Volts 

Heater Current 0.3« Ampere 

Direct Interelbctrodb Capacitances:* 

Grid to Plate 0.007 max. ind 

Input 8.0 mtl 

Output 7.0 wif 

* With close-fitting shield connected to cathode. 

t Nominal value is 7 volts. tJNominal value is 0.32 ampere. 

As Class A t Amplifier 

Plate Voltage 300 max. Volts 

Screen Voltage (Grid No. 2) 150 max. Volts 

Sceen Supply Voltage 300 max. Volts 

Grid Voltage (Grid No. 1) 0 mm. Volts 

Plate Dissipation 2.5 max. Watts 

Screen Dissipation 0.5 max. Watt 

Typical Operation as Class At Amplifier: 

Plate Voltage }00 250 Volts 

Screen Voltage 100 150 Volts 

Suppressor Connected to cathode at socket 

Internal Shield, Connected to cathode at socket 

Grid Voltage -1 -2.5 Volts 

Plate Current 8.2 9.5 Milliamperes 

Screen Current 3.3 3.5 Milliamperes 

Plate Resistance (Approx.) 0.25 08 Megohm 

Transconductance 3800 3800 Micromhos 

Grid Voltage for Transconductance -36 micromhos -12 -19 Volts 




TRIODE-HEPTODE CONVERTER 

The 7J7 is a multi-electrode tube consisting 
of a triode oscillator and a beptode mixer in a 
single bulb. It is of the locking-base type, 
and can be mounted in any position. Phys- 
ical characteristics of the 7J7 are shown in 
Fig. 2-4, OUTLINES SECTION. 
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6.31 
0.3& . 



Volt* 
Ampere 



0.01 max. uuf 
0.1 max. uuf 
0.2 max. uuf 



1.0 
5.5 



8.5 
7.5 



uuf 

uuf 

uuf 

uuf 

uuf 



★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 

Heater Current 

Direct Interelectrooe Capacitances:** 

Heptode Grid No.l to Heptode Plate 

Heptode Grid No. 1 to Triode Plate 

Heptode Grid No. 1 to Triode Grid and Heptode Grid No. 3 

Triode Grid to Triode Plate 

Heptode Grid No. 1 to All Other Electrodes -R-F Input 

Triode Plate to All Other Electrodes Except Triode Grid No. 1 

and Heptode Grid No. 3 -Osc Output 

Triode Grid and Heptode Grid No. 3 to All Other Electrodes Except 

Triode Plate -Osc. Input 

Heptode Plate to All Other Electrodes - Mixer Output 

** With close-fitting shield connected to cathode, 
t Nominal vlaue is 7 volts. tt Nominal value is 0.32 ampere 

As Frequency Converter 

Heptode Plate Voltage 

Heptode Screen Voltage (Grids No. 2, 4 and 5) 

Heptode Screen Supply Voltage 

Heptode Control-Grid Voltage (Grid No. 1) 

Triode Plate Voltage 

Triode Plate Supply Voltage* 

Heptode Plate Dissipation 

Heptode Screen Dissipation 

Triode Plate Dissipation 

Total Cathode Current 

Typical Operation: 

Heptode Plate Voltage 

Heptode Screen Voltage 

Heptode Control-Grid Voltage 

Triode Plate Voltage 

Triode Grid Resistor 

Heptode Plate Resistance , 

Conversion Transconductance 

Heptode Control-Grid Voltage for conversion transcon- 
ductance of 2 micromhos 

Heptode Plate Current 

Heptode Screen Current 

Triode Plate Current 

Triode Grid and Heptode Grid No. 3 Current 

Total Cathode Current 

* Applied through 20000-ohm voltage-dropping resistor. 

Characteristics of Triode Unit Only 

The transconductance of the triode unit, not oscillating, is approximately 1350 mkromhos 
when the plate voltage is 150 volts and the grid voltage is -3 volts. 



300 max. 
100 max. 
300 max. 

0 min. 
150 max. 
300 max. 
0.5 max. 
0.3 max. 
1.25 max'. 
14 max. 



100 


250 


100 


100 


-3 


-3 


100 


250* 


50000 


50000 


0.3 


1.5 


260 


300 


-20 


-20 


1.1 


1.3 


3.1 


2.9 


3.7 


5.4 


0.3 


0.4 


8.2 


10 



Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
Watt 
Watt 
Watts 

Milliamperes 

Volts 
Volte 
Volts 
Volte 
Ohms 
Megohms 
Micromhos 

Volts 

Milliamperes 

Milliamperes 

Milliamperes 

Milliampere 

Milliamperes 



7Q7 



PENTAGRID CONVERTER 

The 7Q7 is a multi-electrode vacuum tube 
of the locking-base type designed to per- 
form simultaneously the functions of a 
mixer (first detector) tube and of an oscillator 
tube in super he teiodyne circuits. Dimen- 
sions of the 7Q7 are shown in Fig. 2-4, OUT- 
LINES SECTION. The tube may be 
mounted in any position. Installation (ex- 
cept for the socket) and application are 
similar to that for the 6SA7. 




8AL 



★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3* Volts 

Heater Current 0.3** Ampere 

Direct Interelectrodb Capacitances:! 
Grid No. 3 to AH Other Electrodes and Base Shell - R-F Input. . . 9 uuf 

Plate to All Other Electrodes and Base Shell - Mixer Output 9 uuf 

Grid No. 1 to AH Other Electrodes and Base Shell 7 uuf 

Grid No. 3 to Plate 0.2 max. uuf 

Grid No. 1 to Grid No. 3 0.2 max. uuf 

Grid No. 1 to Plate 0.15 max. uuf 

Grid No. 1 to All Other Electrodes (Except Cathode) and Base 

Shell 5 uuf 

Grid No. 1 to Cathode 2.2 uuf 

Cathode to AU Other Electrodes (Except Grid No. 1) and Base 

Shell 6 uuf 

X With close-fitting shield connected to cathode. 

* Nominal value is 7 volte. ** Nominal value is 0.32 ampere. 
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As Frequency Converter 

Plate Voltage 300 max. Volts 

Grid No. 2 and No. 4 Voltage 100 max. Volts 

Grids No. 2 and No. 4 Supply Voltage 300 max. Volts 

Grid No. 3 Voltage 0 min. Volts 

Plate and Grids No. 2 and No. 4 Dissipation (Total) 2 max. Watts 

Grids No. 2 and No. 4 Dissipation I max. Watt 

Total Cathode Current 14 max. Milliamperes 

Typical Operation with Self-Excitation: 

Plate Voltage 100 250 Volts 

Grids No. 2 and No. 4 Voltage 100 100 Volts 

Grid No. 3 (Control) Voltage 0 0 Volts 

Grid No. 5 Voltage 0 0 Volts 

Grid No. 1 Resistor 20000 20000 Ohms 

Plate Current 3.3 3.5 Milliamperes 

Grids No. 2 and No. 4 Current 8.5 8.5 Milliamperes 

Grid No. 1 Current 0.5 0.5 Milliampere 

Total Cathode Current 12.3 12.5 Milliamperes 

Plate Resistance (Approx.) 0.5 1 Megohm 

Conversion Transconductance . 525 550 Micromhos 

Conversion Transconductance (Approx.)tt 2 2 Micromhos 

tt With grid No. 3 bias of -35 volts. , 




<^J-%v^>< POWER AMPLIFIER PENTODE 

The 12A5 is a power amplifier pentode 
, , designed for use in a-c/d-c receivers or in 1A A r 

(2\ '» aLJ/Z^h.. automobile receivers. The heater is center- | £f\3 

tapped to provide for either series or parallel 
operation. Physical characteristics are shown 
in Fig. 2-19, OUTLINES SECTION. The 
tube may be mounted in any position. 

7F 

★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 6.3(parallel) 12.6(series) Volts 

Heater Current 0.6 0.3 Ampere 

As Class Ai Amplifier 

Plate Voltage 180 max. Volts. 

Screen Voltage 180 max. Volte 

Plate Dissipation 8.25 max. Watts 

Screen Dissipation 2.5 max. Watts 

Typical Operation and Characteristics: 

Plate Voltage 100 180 Volte 

Screen Voltage 100 180 Volte 

Grid Voltage -15 -25 Vo te 

Peak A-F Grid Voltage 15 25 Volts 

Zero-Signal Plate Current 17 45 Milliamperes 

Max.-Signal Plate Current 19 48 Milliamperes 

Zero-Signal Screen Current 3 8 Milliamperes 

Max.-Signal Screen Current. 6.5 14 Milliamperes 

Plate Resistance (Approx.) 50000 35000 Ohms 

Transconductance 1700 2400 Micromhos 

Load Resistance 4500 3300 Ohms 

Total Harmonic Distortion 12 11 Per cent 

Max-Signal Power Output 0.8 3,4 Watte 




TRIODE-PENTODE 

The 12B8-GT is a heater-cathode type of 
tube combining a higb-mu triode and an r-f 
pentode in one bulb. The triode may be 
used as a detector and the pentode as an r-f 
or i-f amplifier. Heater operation is similar 
to that of the 12A8-GT except for the differ- 
ence in current rating. For cathode con- 
nection, refer to the 6A8. 



12B8-GT 
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CHARACTERISTICS 

Hbatbr Voltage (A.C. or D.C.) 12.6 Volts 

Heater Current 03 Ampere 

Direct Interelectrodb Capacitances: 

Triode Grid to Triode Plate 2.3 wit 

Triode Grid to Triode Cathode 5 wif 

Triode Plate to Triode Cathode 6.3 md 

Pentode Grid to Pentode Plate 0.015 wif 

Pentode Input 5.2 mil 

Pentode Output 9-6 mil 

Pentode Grid to Triode Grid 0.002 nit 

Pentode Plate to Triode Grid 0.078 wif 

Pentode Grid to Triode Plate 0.003 md. 

Maximum Overall Length 3 A* 

Maximum Seated Height 3* 

Maximum Diameter 1A* 

Bulb T-9 

Cap Skirted Miniature 

Base Intermediate Shell Octal 8-Pin 

Mounting Position Any 



As Class Ai Amplifier 

Triode Unit 

Plate Voltage 90 

Screen Voltagb (Grid No. 2) 

Grid Voltage (Grid No. 1) 0 

Plate Current 2.8 

Screen Current 

Amplification Factor 90 

Plate Resistance 37000 

Transconductancb 2400 

TranSjconductancb with -42.5 volts bias 



Pentode Unix 
90 
90 

-3 
7 
2 



200000 
1800 
2 



Volta 
Volts 
VolU 

Milliamperea 
Milliamperes 

Ohms 

Micromho* 

Micromhos 



12H6 



TWIN DIODE 

The 12H6 is a metal tube of the heater- 
cathode type containing two diodes in one 
envelope. Except for the heater rating of 
12.6 volts and 0.15 ampere, the electrical 
characteristics are the same as those of the 
6H6. Physical characteristics are shown in 
Fig. 1-1, OUTLINES SECTION. The tube 
may be mounted in any position. 




12SA7-GT 



PENTAGRID CONVERTER 

The 12SA7-GT is a pentagrid converter of 
the heater-cathode type. Except for its 
heater which operates at 12.6 volts and 0.15 
ampere, and the interelectrode capacitances 
the electrical and physical characteristics of 
the 12SA7-GT are the same as those of the 
6SA7-GT. For heater operation, refer to 
the 12A8-GT. 




GT-8AD 



12SF5-GT 



HIGH-MU TRIODE 

The 12SF5-GT is a high-mu triode of the 
heater-cathode type. Refer to the 6SF5 for 
electrical characteristics except capacitances 
and heater rating. The heater is designed 
for operation at 12.6 volts and 0.15 ampere; 
refer to the 12A8-GT for discussion of heater 
operation. Dimensions are shown in Fig. 
2-5, OUTLINES SECTION. The 12SF5-GT 
may be mounted in any position. 
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7AZ 




BBC 



DIODE SUPER-CONTROL 
AMPLIFIER PENTODE 

The 12SF7 ia a metal tube of the single- 
ended type containing a single diode and a IOC C"T 
super-control amplifier pentode. Except for I Z^T' / 
the heater rating of 12.6 volts and 0.15 i^vi r 
ampere, the electrical and physical charac- 
teristics of the 12SF7 are the same as those 
of the 6SF7. For heater operation, refer to 
the 12A8-GT. The 12SF7 may be mounted 
in any position. 

TRIPLE-GRID SUPER-CONTROL 
AMPUFIER 

The 12SG7 is a metal tube of the single- IOC* A"* "7 

ended type. Except for the heater rating of I J o\J / 

12.6 volts and 0.15 ampere, the electrical and * 
physical characteristics of the 12SG7, are the 
same as those of the 6SG7. For heater 
operation, refer to the 12A8-GT. The 
12SG7 may be mounted in any position. 




TRIPLE-GRID DETECTOR AMPLIFIER 

The 12SJ7-GT is a single-ended glass tube 
of the triple-grid type with a sharp cut-off 
characteristic. Except for the heater rating 
of 12.6 volts and 0.15 ampere, the electrical 
and physical characteristics of the 12SJ7-GT 
are the same as those of the 6SJ7^GT. For 
heater operation, refer to the 12A8-GT. 



12SJ7-GT 



OT-8N 




KEY 

GT-8N 




8BD 



TRIPLE-GRID SUPER- 
CONTROL AMPLIFIER 

The 12SK7-GT is a triple-grid super-control 
amplifier having single-ended construction. 
Except for its heater rating of 12.6 volts and 
0.15 ampere, the electrical and physical char- 
acteristics of the 12SK7-GT are the same as 
those of the 6SK7-GT. For heater operation, 
refer to the 12A8-GT. 



TWIN-TRIODE AMPLIFIER 

The 12SN7-GT is a single ended twin- 
triode amplifier having separate terminals for 
each cathode. Except, for the heater rating 
of 12.6 volts and 0.3 ampere, the electrical 
and physical characteristics of the 12SN7-GT 
are the same as those of the 6SN7-GT. For 
heater operation and cathode connection, 
refer to the 12A8-GT and 6A8, respectively, 
but give consideration to the greater heater 
current of the 12SN7-GT. 



12SK7-GT 



12SN7-GT 




0T-8Q 



DUPLEX-DIODE 
HIGH-MU TRIODE 

The 12SQ7-GT is a single-ended glass tube 
containing two diodes and a high-mu triode 
in a single envelope. Except for its heater 
rating of 12.6 volts and 0.15 ampere, the 
electrical and physical characteristics of the 
12SQ7-GT are the same as those of the 
6SQ7-GT. For heater operation, refer to 
the 12A8-GT. 



12SQ7-GT 
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12SR7 



MfTAl 



DUPLEX-DIODE TRIODE 

The 12SR7 it ■ metal tube of the single- 
ended type containing two diodes and a 
triode in a single envelope. Physical char- 
acteristic* are the same as those of the 6SR7. 
Except for the beater rating of 12.6 volts 
and 0.15 ampere, and the capacitances, the 
electrical characteristics of the 12SR7 are the 
same as those of the 6SR7. The capacitances 
of the 12SR7 are: grid-plate, 2.4 nA grid- 
cathode, 3.6 mi, plate-cathode. 2.8 viii. 




6Q 



14A7/ 
12B7 



TRIPLE-GRID SUPER-CONTROL 
AMPLIFIER 

The 14A7/12B7 is a super-control amplifier 

Eentode of the locking-base type. Except for 
eater rating and capacitances, the electrical 
characteristics are the same as those of the 
6SK7. Grid-plate Capacitance is 0.005 wif; 
input, 6 wtf; output, 7 u»f. The heater is 
designed to be operated at 12.6 volts and 
0.15 ampere (nominal values are 14 volts, 
0.16 ampere). Dimensions are shown in 
Fig. 2-4, OUTLINES SECTION. The 
14A7/12B7 may be mounted in any position. 
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25A6-GT 



POWER AMPLIFIER PENTODE 

The 25A6-GT is a power amplifier pentode 
designed for use in "d-c power line" or 
"universal" type receivers. The electrical 
characteristics of the 25A6-GT are the same 
as those of the 25A6. Dimensions are shown 
in Fig. 2-8, OUTLINES SECTION. The 
tube may be mounted in any position. 
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25A7-GT 



RECTIFIER-PENTODE 

The 25A7-GT is a heater-cathode type of 
tube containing a half-wave rectifier and a 
power amplifier pentode in one envelope. 
Electrical characteristics are the same as 
those of the 25A7-G. Dimensions are shown 
in Fig. 2-8, OUTLINES SECTION. The 
25A7-GT may be mounted in any position. 



DIRECT-COUPLED POWER 
AMPUFIER 

_ _ _ _. The 25B5 is a multi-electrode tube of the 21 

7*\R'\ heater-cathode type consisting of two triodes 

X. LVvy in one bulb. It is used chiefly for replacement 

in receivers designed for its characteristics. 
One triode, the driver, is directly connected 
to the second, or output, triode. The tube 
may be mounted in any position. 

★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 25.0 

Heater Current °- 3 

Maximum Overall Length 

Maximum Seated Height 

Maximum Diameter 

Bulb 

Base 

— 24.R — 




60 



Volte 
Ampere 



ST-12 
Small 6-Pin 
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As Clou A ( Power Amplifier 



Output-Triode Plats (Pt«) Voltage .... 

Input-Triodh Plate (Pti) Voltage 

Output Triode Plate Dissipation 

Input Tbiodk Plate Dissipation 

Typical Operation and Characteristics: 

Output-Triode Plate Voltage 

Input-Triode Plate Voltage 

Input-Triode Grid Voltage 

Peak A-F Grid (Gti) Voltage 

Output-Triode Plate Current 

Input-Triode Plate Current 

Plate Resistance (Approx.) 

Transconductance (Gti to Pt>) 

Load Resistance 

Total Harmonic Distortion 

Power Output 



180 max. Volts 
180 max. Volte 
8.5 max. 
1.1 max. 



Watte 
Watts 



110 


180 


Volts 


no 


180 


Volts 


0 


0 


Volte 


29.5 


29.5 


Volte 


45 


46 


Milliamperes 


7 


5.8 


MUliamperen 


11500 


15000 


Ohms 


2200 


2300 


Micromhos 


2000 


4000 


Ohms 


9 


9 


Per cent 


2 


3.8 


Watts 




TRIODE-PENTODE '■■ 

The 25B8-GT is a heater-cathode type of 
tube containing a high mu triode and an r-f 
pentode in one envelope. The triode unit 
may be used as a detector or amplifier and the 
pentode unit may be used as an r-f or i-f 
amplifier. Heater operation is similar to that 
of the 25A6 except for the difference in current 
rating. Refer to the 25A6 for information 
on cathode connection. Physical character- 
istics of the 25B8-GT are shown in Fig. 2-5, 
OUTLINES SECTION. The 25B8-GT can 
be mounted in any position. 



25B8-GT 



CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) „ 25 Volts 

Heater Current 0-15 Ampere 

Direct Interelectrode Capacitances: 

Triode Grid to Triode Plate (Approx.) 2.2 wif 

Triode Grid to Triode Cathode (Approx.) 5 wif 

Triode Plate to Triode Cathode (Approx.) 4.6 mil 

Pentode Grid to Pentode Plate 0.02 md 

Pentode Input 5-5 mil 

Pentode Output „10 wj 

Pentode Grid to Triode Grid 0.02 md 

Pentode Plate to Triode Plate 0.075 md 

Pentode Grid to Triode Plate 0.009 w' 



As Class Ai Amplifier 

Triad* Unit 

Plate Voltage 100 

Screen Voltage (Grid No. 2) 

Grid Voltage (Grid No. 1) -10 

Plate Current 0.6 

Screen Current - 

Amplification Factor --lis 

Plate Resistance 'fSX 

Transconductance 1500 

Transconductance with -41 volts bias. . . 



Penlodt Unit 

100 Volte 



100 
-3 
7.6 
2 



Volts 
Volts 

Milliamperes 
Milliamperea 



185000 Ohms 
2000 Micromhos 
2 Micromhos 
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BEAM POWER AMPLIFIER 

The 25C6-G is a beam power amplifier 
of the heater-cathode type, similar to the 
6Y6-G except for its heater rating of 25 
volts and 0.3 ampere. Physical character- 
istics are shown in Fig. 2-21, OUTLINES 
SECTION. The tube may be mounted in 
any position. For electrical characteristics, 
refer to the 6Y6-G. 
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DIRECT-COUPLED POWER 
AMPLIFIER 

The 25N6-G is a multi-electrode type of 
O r" k. I / S~* tube like the 25B5 consisting of two triodea 

✓ O- (j in one Dulb - Refer to the 25 ^ 5 for electrical 

characteristics. Physical characteristics are: 
maximum overall length, 4H in.; maximum 
seated height, 3 H in.; maximum diameter, 
1 ft in-; bulb, ST-12; base, small shell octal 
7-pin. The tube may be mounted in any 
position. 
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25Y5 



RECTIFIER-DOUBLER 

The 25Y5 is a high-vacuum rectifier which 
is designed for half-wave rectifier service on 
a 220-volt supply. The heater voltage is 25 
volts, heater current, 0.3 ampere; maximum 
heater-cathode potential, 350 volts; max- 
imum peak inverse voltage, 700 volts; the 
maximum d-c output current is 75 ma., and 
the maximum a-c plate voltage (RMS) is 
235 volts. Physical characteristics are shown 
in Fig. 2-19, OUTLINES SECTION. The 
tube may be mounted in any position. 





RECTIFIER-BEAM POWER 
AMPLIFIER 

The 32L7-GT is a heater-cathode type of P 
tube containing a half-wave rectifier and a 1 
beam power amplifier in one envelope. The 
ami — w *-> T heater is designed for series operation in 
< J 1/ - \j I a-c/d-c receivers. Heater operation and 

cathode connection are the same as for H 
the 35L6-GT except for the difference in 
heater voltage and current. The base of the 
32L7-GT fits the standard octal socket which 
may be installed to hold the tube in any 
position. Physical characteristics of the 
32L7-GT are shown in Fig. 2-8, OUTLINES 
SECTION. 

CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 32.5 

Heater Current , 0.3 

Beam Power Unit — As Class At Amplifier 

Plate Voltage 90 90 

Screen Voltage (Grid No. 2) 90 90 

Grid Voltage (Grid No. 1) -5 -7 

Plate Current 38 27 

Screen Current 3 2 

Plate Resistance (Approx.) 15000 17000 

Transconductance 6000 4800 

Load Resistance 2600 2600 

Total Harmonic Distortion 5.3 9 

Second Harmonic Distortion 2.2 6.5 

Third Harmonic Distortion 4.6 5.5 

Power Output 0.8 1.0 

Rectifier Unit 

A-C Plate Voltage. 125 max. Volts 

D-C Output 60 max. Milliamperes 



8Z 

B = 8EAM unit 



Volts 
Ampere 



Volts 
Volts 
Volts 

Milliamperes 
Milliamperes 
Ohms 
Micromhoe 
Ohms 
Per cent 
Per cent 
Per cent 
Watt 



4513 



HALF-WAVE HIGH-VACUUM 
RECTIFIER 

The 45Z3 is a miniature half-wave rectifier 
of the heater-cathode type. It is designed 
for use in a-c/d-c/battery-operated portable 
receivers where small size and low heat dis- 
sipation are important. Physical character- 
istics are shown in Fig. 2-2, OUTLINES 
SECTION. The tube may be mounted in 
any position. 
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★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) : 45 Volts 

Heater Current 0.075 Ampere 

As Half-Wove Rectifier 

Peak Inverse Voltage . : 350 max. Volte 

Peak Plate Current 390 »w*- Volts 

D-C Heater-Cathode Potential 175 max. Volts 

With Condenser-Input Filter: 

A C Plate Voltage (RMS) 117 max. Volte 

Total Effective Plate Supply Impedance 15 min. Ohms 

D-C Output Current 65 max. Milliamperes 
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RECTIFIER-DOUBLER 

The 50Y6-GT is a full-wave, high-vacuum 
rectifier of the heater-cathode type. This 
tube may be used in "transformerless" re- 
ceivers of the "universal (a-c/d-c)" type. 
Refer to the 25A6 for heater operation and 
cathode connection, but note the difference 
in heater rating. Physical characteristics of 
the 50Y6-GT are shown in Fig. 2-8, OUT- 
LINES SECTION. The 50Y6-GT can be 
mounted in any position. 



50Y6-GT 



★ CHARACTERISTICS 

Heater Voltage (A.C or D.C.) 50 

Heater Current 0.15 

As Rectifier or Doubler 

Peak Inverse Voltage 700 max. 

Peak Plate Current Per Plate 450 max. 

D-C Heater-Cathode Potential 350 max. 

As Half-Wave Rectifier:* 

AC Plate Voltage per Plate (RMS) 117 150 235 max. 

Total Effective Plate-Supply Impedance 

per Plate 15 min. 40 min. 100 min. 

D-C Output Current per Plate 75 max. 75 max. 75 max. 

As Voltage Doubler: 

Half- Wave Full-Watt 

A C Plate Voltage per Plate (RMS) 117 max. 117 max. 

Total Effective Plate-Supply Impedance per Platef . 30 min. 15 min. 

D-C Output Current 75 max. 75 max. 

* The two units may be used separately or in parallel. 



Volts 
Ampere 



Volts 

Milliamperes 
Volte 

Volts 

Ohms 

Milliamppres 



Volts 
Ohms 

Milliamperes 



50Z7-G 



k ° 2 ^U© Pd ' RECTIFIER-DOUBLER 

F °*(*¥r-\ I v*Qhm The 50Z7-G is a full-wave, high- vacuum 
( | [y rectifier of the heater-cathode type for use 

/—I ' a! / / — s in "transformerless" receivers of the "uni- 
3v v3 ri versal (a-c/d-c)" type. The heater is provided 
\_ [/ with a tap for the operation of a panel lamp. 

rvr>Ta) u Dimensions are shown in Fig. 2-17, OUT- 

ncU^^ 11 !)! UNES SECTION. The tube may be 
mounted in any position. 

G-8AN 

★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 

Entire Heater (Pins No. 2 and No. 6) 50 

Panel -Lamp Section (Pins No. 6 and No. 7) with 0.15 ampere 

flowing between pins No. 2 and No. 6 2.5 

Heater Current 0.15 

As Rectifier or Doubler 

Peak Inverse Voltage 700 max. Volts 

Peak Plate Current per Plate 400 max. Milliamperes 

D-C Heater-Cathode Potential 350 max. Volts 
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As Half- Wave Rectifier:* 

A C Plate Voltage per Plate (RMS) 117 235 max. Volts 

Total Effective Plate-Supply Impedance per Plate! IS min. 15 min. Ohmi 

D-C Output Current per Plate 65 max. 65 max. Milliamperes 

As Voltage Doubler: 

A-C Plate Voltage per Plate (RMS) 117 max. Volts 

Total Effective Plate-Supply Impedance per Plate 15 min. Ohms 

D-C Output Current 65 max. Milliamperes 

* The two units may be used separately or in parallel. 



70L7-GT 



RECTIFIER-BEAM POWER 
AMPLIFIER 

The 70L7-GT is a heater-cathode type of 
tube which combines in one bulb a half- 
wave rectifier and a beam power amplifier. 
It is designed for use in circuits employing 
heaters connected in series. Physical char- 
acteristics are shown in Fie. 2-8, OUTLINES, 
SECTION. The 70L7-GT may be mounted 
in any position. 




8AA 

• = «CAM UNIT 



★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 70 Volts 

Heater Current 0.15 Ampere 

Beam Power Amplifier Unit 

Plate Voltage 117 max. Volts 

Screen Voltage Ill max. Volts 

Plate Dissipation 5 max. Watts 

Screen Dissipation 1 max. Watt 

Typical Operation and Characteristics — Class Ai Amplifier: 

Plate Voltage 110 Volts 

Screen Voltage 110 Volts 

Grid Voltage* -7.5 Volts 

Peak A-F Grid Voltage 7.5 Volts 

Zero-Signal Plate Current 40 Milliamperes 

Max.-Signal Plate Current 43 Milliamperes 

Zero-Signal Screen Current (Approx.) 3 Milliamperes 

Max.-Sifnal Screen Current (Approz.) 6 Milliamperes 

Plate Resistance 15000 Ohms 

Transconductance 7500 Micromhos 

Load Resistance 2000 Ohms 

Total Harmonic Distortion 10 Per cent 

Maz.-Signal Power Output 1.8 Watts 

Ractfflw Urttt 

Peak Inverse Voltage 350 max. Volts 

Peak Plate Current 450 max. Milliamperet 

D-C Heater-Cathode Potential 175 max. Volts 

With Condenser-Input Filter: 

A-C Plate Voltage (RMS) 117 max. Voltt 

Total Effective Plate-Supply Impedance 15 min. Ohms 

D-C Output Current 70 max. Milliamperes 

* When the grid circuit has a resistance not higher than 0.1 megohm, fixed bias may be used; 
with cathode bias, the grid circuit may have a resistance not higher than 0.5 megohm. 



117L7-GT/ 
117M7-GT 



RECTIFIER-BEAM POWER 
AMPLIFIER 

The 117L7-GT/117M7-GT is a heater- 
cathode type of tube which combines in One 
bulb a half-wave rectifier and a beam power 
amplifier. The heater is designed for opera- 
tion directly across a 117-volt line. Except for 
the base connections, the electrical and physi- 
cal characteristics of the 117L7-GT/117M7-GT 
are the same as for the 117P7-GT. 
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8AV 

BiBEAM UNIT 



RECTIFIER- BEAM POWER 
AMPLIFIER 

The 117N7-GT. is a heater-cathode 
of tube which combines in one bulb a 
wave rectifier and a beam power amplifier. 
The heater is designed for use directly across 
the 117-volt supply line. 



2i? 



117N7-GT 



★CHARACTERISTICS 

Heater Voltage (A.C. or D.C.) 117 Volts 

Heater Current 0.09 Ampere 

Maximum Overall Length 3 A* 

Maximum Seated Height 2JJ" 

Maximum Diameter 1 A 

Bulb ' T-9 

Base Intermediate Shell Octal 8-Pin 

Mounting Position Any 

Beam Power Amplifier Unit 

Plate Voltage 117 max. Volts 

Screen Voltage 117 max. Volts 

Plate Dissipation 5.5 max. Watts 

Screen Dissipation 1.0 max. Watt 

Typical Operation and Characteristics — Class Ai Amplifier: 

Plate Voltage 100 Vo ts 

Screen Voltage 100 Vo tt 

Grid Voltage* -6 Volts 

Peak A-F Grid Voltage 6 Volts 

Zero Signal Plate Current 51 Milliamperes 

Zero-Signal Screen Current 5 Milliamperes 

Plate Resistance (Approx.) 16000 Ohms 

Transconductance 7000 Micromhos 

Load Resistance 3000 Ohms 

Total Harmonic Distortion 6 Per cent 

Max.-Signal Power Output 1.2 Watts 

* With fixed bias the d-c resistance of the grid circuit should not exceed 0.25 megohm; with 
cathode bias, 1.0 megohm. 



Rectifier Unit 

Peak Inverse Voltage ". 

Peak Plate Current 

D-C Heater Cathode Potential 

With Condenser-Input Filter: 

A-C Plate Voltage (RMS) 

Total Effective Plate-Supply Impedance 

D-C Output Current 



350 max. Volts 

450 max. Milliamperes 

175 max. Volts 

117 max. Volts 

15 min. Ohms 

75 max. Milliamperes 



"B(i)^^S©pir RECTIFIER-BEAM POWER AMPLIFIER 

( lif£^J ~ c \\ The 117P7-GT is a heater-cathode type of 1 T7D"7 T 

^jVCa" aVt(T) p d tu ** *hich combines in one bulb a half-wave | \f f / - \J I 
M W\> yv -'V/v>'H rectifier and a beam power amplifier. The 
heater is designed for use directly across a 
ncvJJ Win 117-volt supply line. 

KEY 
8AV 

★CHARACTERISTICS 

Heater Voltage (A.C. or D C.) 117 Volts 

Heater Current 0.09 Ampere 

Maximum Overall Length .. 3 A* 

Maximum Seated Height 2H" 

Maximum Diameter 1 A* 

Bulb T-9 

Base Intermediate Shell Octal 8-Pin 

Mounting Position Any 
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Beam Power Amplifier Unit 

Plate Voltage 117 max. Volti 

Screen Voltage 117 max. Volts 

Plate Dissipation 6 max. Watts 

Screen Dissipation 1 max. Watt 

Typical Operation: 

Plate Voltage 105 Volte 

Screen Voltage 105 Volts 

Grid Voltage! -5.2 Volte 

Peak A-FGnd Voltage 5.2 Volts 

Zero-Signal Plate Current 43 Milliamperes 

Max.-Signal Plate Current 43 Milliamperes 

Zero-Signal Screen Current 4 Milliamperes 

Max.-Signal Screen Current 5.5 Milliamperes 

Plate Resistance (Approx.) 17000 Ohms 

Transconductance 5300 Micrombos 

Load Resistance 4000 Ohms 

Total Harmonic Distortion 5 Per cent 

Max.-Signal Power Output 0.85 Watt 



Rectifier Unit 



Peak Inverse Voltage 350 max. Volte 

Peak Plate Current 450 max. Milliamperes 

D-C Heater-Cathode Potential 175 max. Volte 

With Condenser-Input Filter: 

A-C Plate Voltage (RMS) 117 max. Volte 

Total Effective Plate-Supply Impedance 15 min. Ohms 

D-C Output Current 75 max. Milliamperes 

t Type of input coupling should not introduce too much resistance in the grid circuit. With 
fixed bias, the resistance should not exceed 0.25 megohm; with cathode bias, 0.5 megohm. 



117Z6-GT 



RECTIFIER-DOUBLER 

The 117Z6-GT is a full- wave high-vacuum 
rectifier of the heater-cathode type for use 
in suitable circuits to supply d-c power from 
an a-c power line. The neater of the 117Z6- 
GT is designed for operation directly across 
a 117-volt supply line. For voltage-doubler 
considerations, see RADIO TUBE APPLIC- 
ATIONS SECTION. Physical character- 
istics are shown in Fig. 2-8, OUTLINES 
SECTION. The 117Z&GT may be mounted 
in any position. 




★CHARACTERISTICS 



Heater Voltage (A.C. or D.C.) . 
Heater Current 



117 
0.075 



Volte 
Ampere 



As Rectifier or Doublet 

Peak Inverse Voltage 700 max. Volte 

Peak Plate Current Per Plate 360 max. Milliami 

D-C Heater-Cathode Potential 350 max. Volte 

As Half- Wave Rectifier* 

A-C Plate Voltage per Plate (RMS) 117 150 235 max. Volte 

Total Effective Plate-Supply Impedance 

per Plate 15 min. 40 min. 100 min. Ohms 

D-C Output Current per Plate 60 max. 60 max. 60 max. Milliamperes 

As Voltage Doubler: 

Half-Wan Full-Watt 

A-C Plate Voltage per Plate (RMS) 117 max. 117 max. Volte 

Total Effective Plate-Supply Impedance per Plate . . 30 min. 15 min. Ohms 

D-C Output Current 60 max. SO max. Milliamperes 

* In half-wave service, the two unite may be used separately or in p a r allel. 
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POWER AMPLIFIER TRIODE 

The 183/483 is a low-mu power amplifier 
triode for replacement in receivers designed 
for its characteristics. Dimensions are shown 
in Fig. 2-25, OUTLINES SECTION. Elec- 
trical characteristics are: filament voltage, 
5.0 volts; current, 1.25 amperes; at plate 
volts of 250 and grid volts of -60, the plate 
current is 30 ma.; plate resistance, 1750 
ohms; transconductance, 1700 micromhos; 
40 amplification factor, 3. With a load resist 

ance of 5000 ohms, the power output is 1.8 
watts. The tube should be mounted in a vertical position, but horizontal operation is permissible 
if the plane of the filament is vertical. 




183/ 
483 




DETECTOR AMPLIFIER TRIODE 

The 485 is a heater-cathode type of tube 
intended for replacement in receivers de- 
signed for its characteristics. Dimensions 
are shown in Fig. 2-19. OUTLINES SEC- 
TION. The filament voltage is 3 volts, 
current, 1.25 ampere. At plate volts of 180 
and grid volts of -9, the plate current is 5.8 
ma.; plate resistance, 8900 ohms; transcon- 
ductance, 1400 micromhos; amplification 
factor, 12.5. *The tube may be mounted in 
any position. 



485 
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